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INTRODUCTION 

To  enhance  military  performance  in  combat,  soldiers  learn  to  selectively  attend  to  potential 
threats  and  to  weigh  any  ambiguous  information  in  the  context  of  potential  life-threatening 
danger.  The  development  of  such  cognitive  biases  is  expected  to  enhance  soldiers'  life  preserving 
actions  that  among  others  include  the  use  of  combat-related  aggressive  action.  Although  the 
tendency  to  promptly  and  aggressively  respond  to  potential  threats  in  combat  is  crucial  for 
survival,  it  may  prove  maladaptive  in  non-combat  environments.  Since  deployed  soldiers 
confront  dramatic  changes  in  environmental  threat  conditions,  ranging  from  safety  to  acute 
danger,  considerable  plasticity  in  threat-related  attention  and  threat  interpretation  is  required. 
Insufficient  plasticity  in  threat  processing  may  confer  risk  for  military  performance  and 
psychological  adjustment  both  in  theatre  and  upon  reintegration  back  to  civilian  environments. 

The  overarching  goal  of  the  grant  was  to  develop  valid  and  reliable  computerized  tools  to 
measure  and  modify  anger-related  cognitive  biases  and  ultimately  to  examine  their  efficiency  in 
reducing  anger  and  adjustment  difficulties  among  soldiers.  This  goal  was  perused  through  unique 
research  collaboration  between  WRAIR  and  Tel  Aviv  University  offering  a  combination  of 
experts  in  advanced  psychological  research  in  military  context  and  in  translational  cognitive- 
neuroscience  research. 
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BODY 


Recruitment  of  participants  and  data  collection: 

For  details  on  recruitment  of  participants  for  the  correlational  study  see  the  Method  section  in 

Appendix  A. 

For  the  interpretation  training  trial,  a  collaboration  was  formed  with  Bristol  University  in  order 
to  boost  the  number  of  participants  and  test  alternative  methods,  thus  the  study  involved  two 
samples  -  our  sample  at  Tel  Aviv  University  and  a  second  sample  at  Bristol  University  (See  the 
Method  section  in  Appendix  B  for  details  regarding  this  recruitment  procedure). 

In  a  third  study  -  attention  bias  modification  (ABM)  training  trial,  data  collection  included  80 
undergraduate  students  with  high  levels  of  self-reported  trait  anger. 

Data  analysis: 

All  data  from  the  three  studies  has  been  analyzed,  see  reports  in  Appendices  A  and  B. 

Publications: 

A  scientific  paper  describing  the  findings  from  the  first  correlational  study  has  been  written  and 
was  recently  published  in  Cognition  and  Emotion  (Maoz,  K.,  Adler,  A.B.,  Bliese,  P.D.,  Sipos, 
M.L.,  Quartana,  P.J.,  Bar-Haim,  Y.,  2016.  Attention  and  interpretation  processes  and  trait  anger 
experience,  expression,  and  control.  Cognition  and  Emotion ,  1-12). 

A  scientific  paper  describing  findings  from  the  second  study  (cognitive  interpretation  training 
trial)  has  been  written  and  is  currently  under  review  in  Emotion  (Maoz,  K.,  Dalili,  M.N.,  Adler, 
A.B.,  Sipos,  M.L.,  Bliese,  P.D.,  Quartana,  P.J.,  Pine,  D.S.,  Leibenluft,  E.,  Penton-Voak,  I.S., 
Munafo,  M.R.  and  Bar-Haim,  Y.,  under  review.  Increasing  positive  interpretation  of  ambiguous 
faces  reduces  displaced  interpersonal  retaliation.) 

Problem  areas 

No  real  problems  were  encountered  in  conducting  the  three  studies. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

•  A  Scientific  report  describing  the  findings  of  the  first  correlational  study  has  been 
published  in  Cognition  and  Emotion.  (Appendix  A) 

•  A  Scientific  report  describing  the  findings  of  the  second  study  (cognitive 
interpretation  training  trial)  has  been  written  and  submitted  to  Emotion ,  and  is 
currently  under  review  (Appendix  B) 

•  A  PhD  dissertation  based  on  the  three  studies  described  above  is  currently  being 
finalized  by  Keren  Maoz  (PhD  Candidate). 
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REPORTABLE  OUTCOMES 

The  key  findings  from  the  correlational  study  suggest  that  attention  bias  toward  angry  faces  in 
the  dot  probe  task  is  associated  with  higher  trait  anger  and  anger  expression  and  with  lower  anger 
control-in  and  anger  control-out.  Also,  the  propensity  to  quickly  interpret  ambiguous  faces  as 
angry  (interpretation  bias)  was  associated  with  greater  anger  expression  and  its  subcomponent  of 
anger  expression-out  and  with  lower  anger  control-out.  Interactions  between  attention  and 
interpretation  biases  did  not  contribute  to  the  prediction  of  any  anger  component  suggesting  that 
attention  and  interpretation  biases  may  function  as  distinct  mechanisms.  For  a  detailed 
description  of  the  findings  see  the  Results  section  in  Appendix  A. 

The  key  findings  from  the  interpretation  training  trial  suggest  that  computerized  cognitive 
interpretation  training  is  effective  in  reducing  anger-related  interpretations  of  ambiguous  faces 
(Appendix  B:  Figure  1),  and  that  this  effect  generalized  to  novel  faces  which  were  not  part  of  the 
training  protocol  (Appendix  B:  Figure  3).  Training  did  not  affect  self-reported  trait  anger,  but 
did  mitigate  self-reported  state  anger.  Moreover,  after  receiving  an  unfair  offer  in  an  ultimatum 
game,  participants  in  the  active  training  group  showed  less  displaced  anger  retaliation  toward  a 
neutral  player,  as  manifested  in  significantly  fairer  offers  compared  to  the  placebo  training  group 
(Appendix  B:  Figure  4).  The  two  groups  did  not  differ  in  their  offers  to  a  bluntly  unfair  player 
(direct  retaliation).  For  a  detailed  description  of  the  findings  and  statistics  see  the  Results  section 
in  Appendix  B. 

Data  from  the  ABM  training  trial  suggest  that  the  computerized  cognitive  attention  training  task 
used  in  this  study  did  not  result  in  differences  in  attention  bias  between  the  active  training  and 
placebo  groups.  The  repeated-measures  ANOVA  on  attention  bias  pre-  and  post-training  yielded 
no  main  effects  of  time  or  group  nor  an  interaction  effect,  all  Fs  <  1.3,  all  ps  >  0.27.  No 
significant  difference  in  attention  bias  was  found  between  the  groups  pre-training,  toe)  =  0.43,  p 
>  0.6,  or  post-training,  t(76)  =  1 .2,  p  >  0.2.  Thus,  we  concluded  that  this  type  of  training  may  not 
be  effective  in  changing  attention  bias  in  this  specific  population,  or  that  the  measurement  tools 
employed  are  not  sensitive  enough  to  detect  such  changes.  As  can  be  expected  based  on  the 
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failure  to  demonstrate  a  training  effect  on  attention  bias,  the  analysis  examining  the 
generalization  of  such  effect  to  a  set  of  new  faces  also  failed  to  find  a  significant  difference 
between  the  two  groups,  t(76)=  0.51,  p  >  0.6. 

The  results  showed  no  evidence  of  a  training  condition-related  change  in  self-reported  trait 
anger,  anger  expression  and  anger  mood  scores  from  pre-  to  post-training: 

Trait  anger  scores :  The  repeated-measures  ANOVA  on  trait  anger  scores  pre-  and  post¬ 
training  yielded  no  main  effects  of  time  or  group  nor  an  interaction  effect,  all  Fs  <  2,  all  ps  > 
0.17.  No  significant  difference  in  Trait  anger  scores  was  found  between  the  groups  at  baseline 
(7(76)  =  0.77,  p  >  0.44)  or  at  post-training  (7(76)  =  1.29,  p  >  0.2). 

Anger  Expression  index :  The  repeated-measures  ANOVA  on  anger  expression  scores 
pre-  and  post-training  yielded  no  main  effects  of  time  or  group  nor  an  interaction  effect,  all  Fs  < 
2.8,  all  ps  >  0.1.  No  significant  difference  in  anger  expression  index  was  found  between  the 
groups  at  baseline  (7(76)  =  0.88,  p  >  0.3)  or  at  post-training  (p 76)  =  0.02,  p  >  0.9). 

Anger  mood  scale  scores:  The  repeated  measures  ANOVA  on  anger  mood  scores  pre- 
and  post-training  yielded  a  main  effect  of  time,  F(  1,75)  =  6.832,  p  <  0.05,  rfp  =  0.083,  suggesting 
participants  overall  reported  more  current  anger  in  the  final  session  (perhaps  due  to  boredom 
from  repeating  the  task) .  No  group  effect  nor  a  group  by  time  interaction  effect  were  found,  Fs  < 
2 ,ps  >0.16.  No  significant  difference  in  anger  mood  scale  scores  was  found  between  the  groups 
at  baseline  (pis)  =  1 .05,  p  >  0.29)  or  at  post-training  (?(76)  =  0.59,  p  >  0.56). 

Like  in  the  interpretation  training  trial,  the  active  training  group  in  the  ABM  training  trial 
showed  reduced  anger  displacement  in  the  Ultimatum  Game.  Specifically,  after  receiving  an 
unfair  offer  in  the  game,  participants  in  the  active  training  group  showed  less  displaced  anger 
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retaliation  toward  a  neutral  player,  as  manifested  in  significantly  fairer  offers  compared  to  the 
placebo  training  group,  t( 76)  =  2.17,  p  <  .05.  The  two  groups  did  not  differ  in  their  offers  to  the 
bluntly  unfair  player  (direct  retaliation),  tge>  =  0.04,  p  >  0.9,  nor  in  their  initial  baseline  offers, 
f(76)=  0.48.  p  >  0.63  (see  Figure  1).  However,  since  here  we  failed  to  demonstrate  a  training- 
related  cognitive  change,  it  could  not  be  concluded  that  this  group  difference  in  displaced  anger 
is  related  to  change  in  attention  patterns. 
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Figure  1 :  Mean  percent  of  the  sum  proposed  by  participants  in  the  active  and  placebo  training 
groups  in  each  round  of  the  Ultimatum  Game.  Error  bars  represent  standard  errors. 

Skin  conductance  level  (SCL)  in  response  to  staged  annoying  manipulation 

The  repeated-measures  ANOVA  on  SCLs  before,  during  and  after  an  annoying  staged 
manipulation  in  the  lab  yielded  a  main  effect  of  time,  F(2,i40)  =  8.19,  p  <  0.001,  rj2p  =  0.105,  and  a 
marginally  significant  main  effect  of  group,  F(i,70)  =  3.55,  p  =  0.064,  rj2p  =  0.048.  No  group  by 
time  interaction  effect  was  found,  F(2,i40)  <  1,  p  >  0.6.  The  main  effect  of  time  indicates  that  the 
annoying  manipulation  indeed  lead  to  significant  elevations  in  mean  SCL.  To  further  explore  this 
effect,  2  paired  sample  t-tests  were  conducted  to  compare  SCL  means  before  manipulation  and 
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during  manipulation,  as  well  as  before  manipulation  and  after  manipulation.  These  analyses 
demonstrated  that  mean  SCL  during  the  annoying  manipulation,  as  well  as  after  the  annoying 
manipulation  were  significantly  higher  compared  to  mean  SCL  before  the  manipulation,  t( 72)  = 
3.56, p  <  0.001,  and  t( 75)=  3.31,/?  <  0.001,  respectively.  This  serves  as  a  manipulation  check, 
suggesting  that  as  expected  participants  demonstrated  a  physiological  reaction  to  the  annoying 
manipulation.  However,  as  mentioned  above,  this  effect  did  not  interact  with  training  condition 
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CONCLUSIONS 


•  Faster  attention  orientation  and  faster  negative  interpretation  of  threatening  stimuli,  as 
compared  to  non-threatening  stimuli,  are  associated  with  greater  self-reported  anger,  with 
differential  patterns  of  associations  between  the  two  cognitive  processes  and  the  sub¬ 
components  of  anger  experience,  expression,  and  regulation.  Interactions  between  attention 
and  interpretation  biases  did  not  contribute  to  the  prediction  of  any  anger  component 
suggesting  that  attention  and  interpretation  biases  may  function  as  distinct  mechanisms. 

•  It  appears  that  interpretation  biases  and  their  modification  protocols  offer  a  more  stable  and 
reliable  target  for  future  studies  and  potential  implementation  for  soldiers  with  anger 
expression  and  anger  control  difficulties. 

•  It  seems  that  these  cognitive  modification  protocols  have  stronger  effect  on  behaviors  related 
to  displaced  anger,  compared  to  direct  anger.  Such  an  effect  may  be  potentially  important  in 
the  context  of  soldiers  returning  from  deployment,  who  often  deal  with  anger  related  to  their 
combat  experience.  The  computerized  interpretation  intervention  may  help  preventing  this 
anger  from  being  maladaptively  displaced  and  expressed  within  the  family  or  community. 

•  If  one  well-powered  RCT  is  to  be  funded  to  pursue  the  findings  of  the  current  project,  it 
appears  that: 

a)  Either  the  Bristol  or  TAU  versions  of  the  morph  interpretation  bias  modification  task  is  a 
viable  selection.  An  advantage  of  the  Bristol  version  is  that  it  is  shorter.  An  advantage  of  the 
TAU  version  is  that  it  seems  to  yield  a  larger  effect  size  for  generalization,  yet  both  tasks 
demonstrated  significant  generalization  effects  (see  Appendix  B:  Figure  3). 

b)  The  RCT  could  be  applied  in  the  context  of  anger  management  treatments  for  soldiers. 

c)  Outcomes  of  such  RCT  would  ideally  include  indirect  (behavioral,  physiological)  measures 
as  well  as  assessments  from  independent  evaluators  in  addition  to  self-reports  of  anger. 

d)  It  is  recommended  to  add  a  measurement  session  after  about  a  month  following  the  end  of 
training  to  better  examine  trait -related  changes  and  the  stability  of  the  cognitive  and 
behavioral  changes. 
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ABSTRACT 

This  study  explored  attention  and  interpretation  biases  in  processing  facial 
expressions  as  correlates  of  theoretically  distinct  self-reported  anger  experience, 
expression,  and  control.  Non-selected  undergraduate  students  (N  =101)  completed 
cognitive  tasks  measuring  attention  bias,  interpretation  bias,  and  Spielberger's 
State-Trait  Anger  Expression  Inventory  (STAXI-2).  Attention  bias  toward  angry  faces 
was  associated  with  higher  trait  anger  and  anger  expression  and  with  lower  anger 
control-in  and  anger  control-out.  The  propensity  to  quickly  interpret  ambiguous 
faces  as  angry  was  associated  with  greater  anger  expression  and  its  subcomponent 
of  anger  expression-out  and  with  lower  anger  control-out.  Interactions  between 
attention  and  interpretation  biases  did  not  contribute  to  the  prediction  of  any 
anger  component  suggesting  that  attention  and  interpretation  biases  may  function 
as  distinct  mechanisms.  Theoretical  and  possible  clinical  implications  are  discussed. 
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Anger  is  a  frequently  experienced  human  emotion. 
However,  the  dispositional  tendency  to  experience 
anger  frequently  and  intensely  is  linked  to  a  variety 
of  deleterious  outcomes.  For  example,  high  trait 
anger  has  been  associated  with  elevated  risk  for  cardi¬ 
ovascular  problems  (Chida  &  Steptoe,  2009;  Smith, 
Glazer,  Ruiz,  &  Gallo,  2004;  Williams,  2010),  as  well  as 
other  physical  illnesses  (Suinn,  2001).  Anger  is  corre¬ 
lated  with  health-risking  behaviours,  such  as  drinking, 
smoking,  drug  abuse,  reckless  driving,  fighting,  and 
unprotected  sex  (Adler,  Britt,  Castro,  McGurk,  & 
Bliese,  2011;  Deffenbacher,  Deffenbacher,  Lynch,  & 
Richards,  2003;  Nichols,  Mahadeo,  Bryant,  &  Botvin, 
2008;  Sakusic  et  al.,  2010),  with  risk  for  psychopathol¬ 
ogies  such  as  post-traumatic  stress  disorder  (Feeny, 
Zoellner,  &  Foa,  2000;  Meffert  et  al.,  2008;  Novaco, 
2010),  and  with  difficulties  in  spouse  relationships 
(e.g.  Baron  et  al.,  2007),  parent-to-child  aggression 
(e.g.  Mammen,  Pilkonis,  &  Kolko,  2000),  and  workplace 
aggression  (e.g.  Hershcovis  et  al.,  2007).  However,  the 
mechanisms  underlying  the  tendency  to  experience 


anger  and  how  that  anger  is  regulated  are  not  well- 
understood. 

Theoretical  models  suggest  that  cognitive  pro¬ 
cesses  play  a  pivotal  role  in  the  aetiology  and  mainten¬ 
ance  of  anger  and  aggression  (e.g.  Crick  &  Dodge, 
1994;  Wilkowski  &  Robinson,  2010).  The  Integrative 
Cognitive  Model  (ICM)  of  trait  anger  and  reactive 
aggression  (Wilkowski  &  Robinson,  2008;  Wilkowski  & 
Robinson,  2010),  as  well  as  the  Social  Information  Pro¬ 
cessing  (SIP)  model  (Crick  &  Dodge,  1994),  postulate 
that  both  attention  and  interpretation  processes 
reflect  initial  stages  of  social  and  affective  information 
processing  and  that  biases  in  these  two  processes  are 
cognitive  precursors  for  trait  anger  and  reactive 
aggression.  Amplified  attention  toward  hostile  and 
threatening  cues  and  a  predisposition  to  interpret 
ambiguous  information  in  a  hostile  manner  have 
both  been  linked  to  greater  anger  and  aggression 
(Owen,  2011;  Schultz,  Grodack,  &  Izard,  2010).  Anger- 
related  stimuli  induce  greater  attentional  interference 
in  participants  with  high  versus  low  trait  anger  (e.g. 
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Van  Honk,  Tuiten,  De  Haan,  Van  den  Hout,  &  Stam, 
2001).  And,  anger  has  been  associated  with  negatively 
biased  interpretation  of  ambiguous  information, 
including  attributions  of  anger,  hostility,  and  negative 
intent  toward  others  (e.g.  Schultz,  Izard,  &  Bear,  2004; 
Wenzel  &  Lystad,  2005).  However,  to  date,  attentional 
and  interpretational  components  of  cognitive  bias  in 
anger  have  not  been  examined  within-persons, 
hence  their  additive  and  multiplicative  role  in  anger 
and  anger  regulation  remain  unknown. 

Besides  the  lack  of  information  about  how  these 
processes  may  function  together,  there  are  also  some 
methodological  gaps  in  the  extant  literature  on  cogni¬ 
tive  biases  in  anger.  Research  on  attention  biases  in  the 
context  of  anger  is  scarce.  Most  studies  have  examined 
anger-related  differences  by  measuring  interference  in 
emotional  Stroop  tasks  (Eckhardt  &  Cohen,  1997;  Van 
Honk,  Tuiten,  De  Haan,  et  al,  2001;  Van  Honk  et  al., 
2001),  or  attention  biases  to  anger  or  aggression- 
related  words  in  dot-probe  tasks  (Quartana,  Yoon,  & 
Burns,  2007;  Smith  &  Waterman,  2003).  Interestingly, 
within  the  field  of  anxiety  a  meta-analysis  revealed 
that  a  significant  emotional  Stroop  effect  emerged 
using  words  as  stimuli  whereas  a  non-significant 
effect  was  noted  when  using  pictures  of  faces.  In  con¬ 
trast,  in  the  dot-probe  task  significant  anxiety-related 
effects  emerged  both  for  verbal  and  face  stimuli  (Bar- 
Haim,  Lamy,  Pergamin,  Bakermans-Kranenburg,  &  van 
Ijzendoorn,  2007).  Considering  the  extensive  research 
on  anxiety-related  attention  biases  using  facial  stimuli 
in  dot-probe  tasks  both  in  measurement  (for  a  review 
see  Bantin,  Stevens,  Gerlach,  &  Hermann,  2016)  and  in 
intervention  (MacLeod  &  Mathews,  2012),  it  was  sur¬ 
prising  to  find  that  only  one  study  had  used  a  faces- 
based  dot-probe  task  in  the  context  of  anger.  This 
study  found  attentional  bias  toward  angry  faces 
among  youth  with  severe  mood  dysregulation  (SMD), 
a  condition  characterised  by  high  levels  of  irritability 
and  anger  (Hommer  et  al,  2014).  In  the  current  study, 
we  used  a  version  of  the  dot-probe  task  to  measure 
selective  attention  to  angry  vs.  neutral  facial 
expressions  as  a  function  of  anger. 

Studies  of  interpretation  bias  have  typically  used 
verbal  descriptions  of  social  events  to  demonstrate 
that  aggressive  or  angry  individuals  display  a  hostile 
attribution  bias  or  a  negative  interpretation  bias  of 
ambiguous  information  (Orobio  de  Castro,  Veerman, 
Koops,  Bosch,  &  Monshouwer,  2002).  However,  fewer 
studies  have  used  non-verbal  stimuli  such  as  facial 
expressions  to  examine  anger-related  interpretation 
biases  (cf.  Penton-Voak  et  al,  2013;  Schultz  et  al. 


2004).  In  the  current  study  we  focus  on  potential 
interpretation  biases  in  facial  processing.  One  tech¬ 
nique  frequently  used  to  examine  interpretation 
biases  of  facial  expressions  relies  on  morphed  faces 
(e.g.  Poliak  &  Kistler,  2002;  Richards  et  al,  2002). 
Morphing  procedures  typically  mix  two  distinct  facial 
expressions  at  either  end  of  a  continuum,  thereby 
generating  ambiguous  facial  stimuli  along  that  conti¬ 
nuum.  It  has  been  suggested  that  ambiguous  faces 
containing  conflicting  information  (e.g.  morphing 
angry  and  happy  expressions)  may  be  effective  at  eli¬ 
citing  an  interpretation  bias  because  the  images 
create  a  conflict  in  the  cognitive  classification  of 
ambiguous  expressions  (Jusyte  &  Schonenberg, 
2014).  In  the  present  study,  we  selected  a  task  that 
required  participants  to  label  the  emotion  displayed 
by  morphed  ambiguous  faces  ranging  from  positive 
(happy)  to  negative  (angry)  emotion.  This  method 
has  been  used  in  the  context  of  anxiety  research 
(Garner,  Baldwin,  Bradley,  &  Mogg,  2009;  Jusyte  & 
Schonenberg,  2014;  Maoz  et  al,  2016),  but  to  our 
knowledge  was  applied  only  once  in  the  context  of 
anger  (Penton-Voak  et  al,  2013). 

Another  limitation  of  the  extant  literature  is  related 
to  the  multifaceted  nature  of  the  construct  of  anger. 
That  is,  distinct  cognitive  biases  might  differentially 
relate  to  various  components  of  how  anger  is 
expressed  and  experienced  and  these  distinctions 
have  rarely  been  clarified  in  research.  A  broad  concep¬ 
tualisation  of  anger  and  its  management  is  illustrated 
in  Spielberger's  conceptualisation  reflected  in  his 
State-Trait  Anger  Expression  Inventory  (STAXI-2;  Spiel- 
berger,  1999).  The  STAXI-2  assesses  experience, 
expression,  and  control  of  anger.  State  anger  reflects 
a  current  emotional  state  marked  by  subjective  feel¬ 
ings  varying  from  mild  irritation  to  intense  rage.  Trait 
anger  is  construed  as  a  dispositional  tendency  to  per¬ 
ceive  situations  as  annoying  or  frustrating  and 
respond  with  elevated  state  anger.  Within  this  frame¬ 
work,  state  and  trait  anger  are  conceptually  distin¬ 
guished  from  anger  expression.  Anger  expression  is 
broadly  divided  into  two  types:  anger  expression- 
out,  reflecting  the  tendency  to  outwardly  express 
anger,  and  anger  expression-in,  reflecting  the  ten¬ 
dency  to  suppress  anger  or  direct  it  towards  oneself. 
Two  additional  sub-components  of  anger  expression 
reflect  an  individual's  ability  to  control  and  prevent 
anger  expression  toward  the  environment  (anger 
control-out)  and  ability  to  control  angry  feelings  by 
calming  oneself  down  when  angered  (anger  control- 
in)  (Spielberger,  1999). 
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The  current  study  builds  on  previous  work  by 
examining  unique  and  common  associations 
between  components  of  anger  and  two  putative  cog¬ 
nitive  processes,  using  measures  of  threat-related 
attention  and  interpretation  biases.  We  assessed  cog¬ 
nitive  bias  with  two  different  tasks:  (1 )  a  dot-probe  task 
that  has  been  widely  used  to  assess  attention  biases  in 
anxiety  disorders  (Bar-Haim  et  al.,  2007;  MacLeod, 
Mathews,  &  Tata,  1986)  but  less  frequently  in  the 
context  of  anger  (e.g.  Hommer  et  al.,  2014);  and  (2)  a 
task  involving  morphed  faces  designed  to  assess 
interpretation  bias.  We  tested  the  associations 
between  these  bias  assessments  and  self-reported 
trait  anger,  anger  expression,  and  anger  control.  We 
predicted  that  both  anger-related  attention  and 
interpretation  biases  would  be  associated  with 
higher  levels  of  trait  anger  and  anger  expression, 
and  lower  levels  of  anger  control.  We  also  hypoth¬ 
esised  that  anger  will  be  most  pronounced  when  indi¬ 
viduals  experience  bias  in  both  attention  and  in 
interpretation.  It  is  not  clear,  however,  whether  atten¬ 
tion  and  interpretation  effects  are  additive  or  multipli¬ 
cative;  therefore,  we  also  explored  the  contribution  of 
potential  interaction  effects  to  anger  beyond  the  sep¬ 
arate  effects  of  attention  and  interpretation  biases 
alone. 

Method 

Participants 

Undergraduate  students  from  Tel  Aviv  University  par¬ 
ticipated  in  the  study  [N  =101,  mean  age  =  24.1 6 
years,  SD  =  2.22;  65  females).  The  study  was  advertised 
across  the  campus,  and  students  could  enrol  either 
on-line  or  via  the  phone.  The  only  exclusion  criterion 
was  prior  participation  in  other  studies  in  our  lab  invol¬ 
ving  similar  tasks.  The  study  was  approved  by  Tel  Aviv 
University's  Institutional  Review  Board.  Participants 
provided  signed  informed  consent  and  received 
either  course  credit  or  monetary  compensation  ($5), 
to  their  preference. 

Cognitive  bias  measures 

Attention:  the  dot-probe  task 
The  sequence  of  events  on  a  dot-probe  trial  is 
described  in  Figure  IS  (supplementary  online 
material).  Each  trial  began  with  the  presentation  of  a 
fixation  display  (500  ms;  white  cross  1*1  cm),  followed 
by  a  500  ms  presentation  of  an  angry-neutral  pair  of 


chromatic  faces  of  the  same  actor.  Each  face  appeared 
on  a  grey  square  background  subtending  50  mm  in 
width  and  37.5  mm  in  height.  The  faces  were  pre¬ 
sented  with  equal  distance  from  the  top  and  bottom 
of  the  fixation  cross  and  separated  by  15  mm.  The 
top  photograph  was  positioned  30  mm  from  the  top 
edge  of  the  screen.  Faces  were  of  10  actors  (5 
females),  taken  from  the  NimStim  stimulus  set  (Totten¬ 
ham  et  al.,  2009;  models  1,  2,  3,  6,  7,  20,  24,  27,  31,  33). 
Following  the  faces  display,  a  target  probe  ("<"  or 
4*4  mm)  appeared  at  the  location  previously  occupied 
by  one  of  the  faces.  Participants  were  required  to 
determine  which  direction  the  arrow  pointed  via 
pressing  a  keyboard  button  ("<"  or  ">")  using  their 
dominant  hand  as  quickly  as  possible,  while  avoiding 
errors.  The  target  remained  on  the  screen  until 
response.  The  task  was  run  using  e-prime  software 
(Psychology  Software  Tools,  Pittsburgh,  PA)  and  was 
displayed  on  a  15.6"  monitor. 

The  task  comprised  80  trials,  displayed  in  a  random 
order.  Each  of  the  10  face  pairs  was  presented  8  times. 
Across  the  eight  repetitions  of  each  face  pair,  position 
of  the  angry  and  neutral  faces  (above  or  below  the  fix¬ 
ation),  target  position  (above  or  below  the  fixation) 
and  probe  type  ("<"  or  ">")  were  fully  counterba¬ 
lanced.  Thus,  the  probe  appeared  equally  in  the 
location  of  angry  and  neutral  faces.  Anger-related 
attention  bias  was  calculated  by  subtracting  mean 
reaction  time  (RT)  in  trials  where  the  target  appeared 
at  the  angry  face  location  from  mean  RT  in  trials 
where  the  target  appeared  at  the  neutral  face  location. 
Positive  scores  reflect  attentional  vigilance  toward  the 
angry  faces,  whereas  negative  scores  reflect  atten¬ 
tional  threat  avoidance  (Bradley,  Mogg,  Falla,  &  Hamil¬ 
ton,  1998).  The  task  took  approximately  five  minutes 
to  complete. 

Interpretation:  the  emotion-perception  task 
Each  trial  began  with  a  fixation  display  (800-1200  ms; 
white  cross  1*1  cm),  followed  by  a  200  ms  chromatic 
presentation  of  a  morphed  face  (90  mm  in  height 
and  70  mm  in  width).  Face  presentation  time  was 
selected  to  be  similar  to  that  used  in  previous 
studies  in  the  context  of  anxiety  (Maoz  et  al.,  2016), 
and  anger  (Penton-Voak  et  al.,  2013).  Each  face  was 
followed  by  a  200  ms  scrambled  face  mask.  A  question 
mark  then  appeared  and  remained  on  the  screen  until 
the  participant  determined  whether  the  face  was 
"angry"  or  "happy"  by  pressing  one  of  two  pre-speci- 
fied  keyboard  buttons.  Participants  were  instructed 
to  use  one  hand  for  each  button.  The  location  of  the 
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buttons  (happy/angry)  was  counterbalanced  across 
participants. 

Morphed  face  sequences  were  generated  from  pic¬ 
tures  of  four  actors  (2  female),  using  Morpheus  Photo 
Morpher  v3.16.  Each  sequence  consisted  of  15 
morphed  faces  ranging  between  the  endpoints  of 
happy  and  angry  expressions  of  each  actor.  The  end¬ 
point  faces  were  taken  from  the  NimStim  set  (Totten¬ 
ham  et  al.,  2009;  models  10,  18,  37,  41),  and  were 
different  than  the  faces  used  in  the  dot-probe  task. 
Each  face  was  presented  three  times,  for  a  total  of 
180  trials  (4  sequences  x  15  faces  x  3  repetitions),  dis¬ 
played  in  random  order.  The  task  was  run  using  e- 
prime  software  and  was  displayed  on  a  15.6" 
monitor.  Figure  2S  (supplementary  online  material) 
shows  the  sequence  of  events  on  a  single  trial  and 
an  example  of  one  morphed  sequence.  The  task 
took  approximately  eight  minutes  to  complete. 

Two  measures  were  derived  from  this  task,  index¬ 
ing  two  distinct  aspects  of  interpretation  bias:  (a) 
percent  of  anger  interpretations  was  used  as  an 
index  of  participants'  tendency  to  interpret  the  face 
stimuli  as  angry;  and  (b)  interpretation  RT  bias  was  cal¬ 
culated  to  index  a  propensity  to  make  negative 
interpretations  more  quickly  than  positive  interpret¬ 
ations.  The  interpretation  RT  bias  was  calculated  by 
subtracting  mean  RT  in  angry  interpretation  trials 
from  mean  RT  in  happy  interpretation  trials  (Maoz 
et  al.,  2016).  Positive  interpretation  RT  bias  scores 
reflect  a  tendency  to  make  angry  interpretations 
faster  than  happy  interpretations.  Negative  scores 
reflect  the  opposite  tendency. 

Self-reported  anger 

Self-reported  anger  was  evaluated  using  the  STAXI-2 
(Spielberger,  1999).  The  STAXI-2  was  translated  to 
Hebrew  in  cooperation  with  the  copyright  owners 
(PAR  Inc.).  All  participants  in  the  study  were  fluent  in 
Hebrew. 

The  state  anger  index,  referring  to  current,  situa¬ 
tional  anger,  was  not  analysed  for  two  reasons:  (a) 
the  current  theoretical  focus  was  on  stable  anger- 
related  characteristics;  and  (b)  because  no  manipu¬ 
lation  of  anger  occurred,  only  negligible  variability  in 
state  anger  was  expected  (and  observed). 

The  trait  anger  score  was  derived  from  a  10-item 
scale  denoting  the  participant's  disposition  to  per¬ 
ceive  situations  as  annoying  and  react  with  anger 
elevations.  The  anger  expression  index  combined 
responses  to  32  items  related  to  anger  expression 


and  control.  Specifically,  this  scale  has  four  sub-com¬ 
ponents:  Anger  Expression-Out  (AX-O)  reflecting  a 
tendency  to  express  anger  toward  the  environment; 
Anger  Expression-In  (AX-I)  reflecting  anger  directed 
inward;  Anger  Control-Out  (AC-O)  reflecting  the 
ability  to  control  and  prevent  anger  expression 
toward  the  environment;  and  Anger  Control-In  (AC-1) 
relating  to  the  ability  to  control  angry  feelings  by 
calming  oneself  down  when  angered.  Higher  anger 
expression  index  scores  represent  more  anger 
expression  (AX-I  and  AX-O)  and  less  control  over 
anger  experience  and  expression  (AC-1  and  AC-O). 
Items  were  rated  on  a  Likert-type  scale  (1  =  "almost 
never"  to  4  =  "almost  always").  In  the  present  sample, 
Cronbach's  alphas  for  trait  anger  and  for  the  anger 
expression  index  were  0.84  and  0.76,  respectively. 
Cronbach's  alphas  for  the  anger  expression  sub-com¬ 
ponents  were  0.77,  0.73,  0.93,  and  0.92  for  AX-O,  AX- 

1,  AC-O,  and  AC-1,  respectively. 

Procedure 

Participants  were  given  an  explanation  about  the 
study  and  provided  signed  informed  consent.  The 
tasks  were  then  performed  in  the  following  order: 
emotion-perception  task,  dot-probe  task,  and  STAXI- 

2.  A  two-minute  break  was  allowed  between  tasks. 

Data  analysis 
Data  cleaning 

Dot-probe  task.  Trials  with  RT  longer  than  2000  ms,  or 
incorrect  response  were  excluded.  Then,  trials  with  RT 
deviating  by  more  than  three  SDs  from  the  mean  of 
each  participant  were  also  excluded.  This  resulted  in 
an  average  exclusion  of  3.0%  of  all  trials  per 
participant. 

Emotion-perception  task.  To  gauge  compliance  with 
task  demands,  a  threshold  of  70%  accuracy  in  the 
identification  of  the  two  overtly  angry  and  overtly 
happy  facial  expressions  was  determined  (Stoddard 
et  al.,  2016).  Since  each  face  was  presented  three 
times  during  the  task,  accuracy  estimation  was 
based  on  a  total  of  48  trials  (4  extreme  faces  x  4 
sets  x  3  repetitions).  One  participant  had  an  accuracy 
score  lower  than  the  70%  threshold  and  was  removed 
from  further  analysis.  Average  accuracy  score  for  the 
remaining  100  participants  was  97.25%  (SD  =  3.5%). 

Trials  with  RTs  longer  than  2000  ms  were  excluded 
from  the  interpretation  RT  bias  calculation.  Then,  trials 
with  RTs  deviating  by  more  than  three  SDs  from  the 
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mean  of  each  participant  were  also  excluded  from  the 
interpretation  RT  bias  calculation.  This  resulted  in  the 
removal  of  an  average  of  3.5%  of  all  trials  per 
participant. 

Regression  analyses 

To  determine  the  contributions  of  attention  and 
interpretation  biases  to  the  participants'  trait  anger 
and  anger  expression,  we  conducted  two  two-step 
hierarchical  regression  analyses.  In  the  first  step  of 
each  analysis,  we  entered  attention  bias,  interpret¬ 
ation  RT  bias,  and  percent  of  anger  interpretations 
as  predictors.  This  allowed  us  to  examine  the  relative 
contribution  of  the  different  cognitive  biases  to 
anger.  In  the  second  step,  we  added  the  two-way 
interactions  (product  terms)  between  the  attention 
and  interpretation  biases.  In  the  case  of  the  anger 
expression  index,  which  is  composed  of  four  theoreti¬ 
cally  distinguished  sub-components,  the  significant 
overall  model  was  followed-up  by  separate 
regressions  for  each  of  the  sub-components.  Analyses 
were  conducted  using  IBM  SPSS  Statistics  22. 

Results 

Means,  standard  deviations,  ranges,  and  correlations 
among  the  cognitive  biases  and  self-reported  anger 
variables  are  presented  in  Table  1.  For  scatter  plots 
see  Figure  3S  in  online  supplementary  materials. 
Mean  trait  anger  and  anger  expression  levels  in  the 
current  sample  were  moderate  (17.99  and  32.21, 
respectively)  and  similar  to  previously  reported  levels 
in  normative  adults  samples  (Spielberger,  1999). 
Since  gender-based  differences  in  some  anger 


components  have  been  previously  reported  (Fischer 
&  Evers,  2010),  we  tested  for  gender-based  differences 
on  all  the  measures  used  in  our  study.  No  gender- 
related  differences  were  noted  in  any  of  the  cognitive 
or  self-reported  anger  variables  (ps  >  .10). 

Trait  anger 

The  results  of  the  linear  regression  model  are  summar¬ 
ised  in  Table  2.  The  first  step  significantly  explained  9% 
of  the  variance  in  trait  anger  (ft2  =  0.91 ,  F(3- 96)  =  3.20,  p 
<  .05).  However,  only  threat-related  attention  bias  sig¬ 
nificantly  predicted  trait  anger  (/3  =  0.26,  p  <  .05).  The 
interactions  between  the  different  cognitive  measures 
added  in  step  two  did  not  account  for  additional 
variance. 

Anger  expression  index 

The  results  of  the  linear  regression  model  are  summar¬ 
ised  in  Table  3.  The  first  step  significantly  explained 
13%  of  the  variance  in  the  anger  expression  index 
(ft2  =  0.1 3,  F (3,96) =  4.65,  p<. 005).  Attention  bias  and 
interpretation  RT  bias  each  contributed  to  the  predic¬ 
tion  of  anger  expression  index  (/ 3  =  0.24,  p  <  .05  and  (3 
=  0.28,  p  <  .01,  respectively)  and  uniquely  contributed 
to  the  variability  in  anger  expression  with  5.6%  and 
7.1%,  respectively.  Percent  of  anger  interpretations 
did  not  contribute  to  the  variability  in  anger 
expression  index  scores.  Interactions  between  the 
different  cognitive  measures  added  in  step  two  did 
not  account  for  additional  variance. 

Follow-up  regression  analyses  examining  the  sub¬ 
components  of  the  anger  expression  index  revealed: 


Table  1.  Mean,  SDs  and  range  of  the  cognitive  measures  and  self-report  STAXI-2  scales,  and  Pearson  correlations  between  the  measures. 


Measure 

Mean 

SD 

Range 

1 

2 

3 

4 

5 

5a 

5b  5c 

1.  Attention  bias  (dot-probe 
task) 

6  ms 

22 

-36-74 

2.  Interpretation  RT  bias 

-3  ms 

46 

-121- 

0.06 

(emotion-perception  task) 

135 

3.  Percent  of  anger 

54.6% 

5.6 

37.2-68.3 

0.17+ 

0.35** 

interpretations  (emotion- 
perception  task) 

4.  Trait  Anger  (STAXI-2) 

17.99 

4.71 

10-35 

0.26** 

0.16 

0.08 

5.  Anger  Expression  Index 

32.21 

13.45 

5-69 

0.23* 

0.24* 

-0.01 

0.68** 

(STAXI-2) 

5a.  Anger  expression  -  Out 

14.50 

3.48 

8-28 

0.16 

0.20* 

-0.02 

0.62** 

0.78* 

5b.  Anger  expression  -  In 

17.78 

3.92 

9-31 

0.07 

0.12 

0.05 

0.20* 

0.39** 

0.18 

5c.  Anger  control  -  Out 

25.65 

5.43 

11-32 

-0.1 9+ 

-0.24* 

0.05 

-0.65** 

-0.84** 

-0.68** 

-0.01 

5d.  Anger  control  -  In 

22.42 

5.62 

8-32 

-0.22* 

-0.14 

0.01 

-4.63** 

-0.82** 

-0.47** 

-0.13  0.61** 

+p  <  .08. 

*p  <  .05. 

**p<.01. 
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Table  2.  Estimated  coefficients,  standard  errors,  and  0.95  confidence 

intervals  for  predictors  ir 

i  the  two  steps  of  the  regression  model  predicting  trait  anger. 

Predictor 

Coefficients 

Multicollinearity 

Model 

B 

SE 

Beta 

t 

Sig 

95%  Cl 

Tolerance 

VIF 

R2  l\R2 

Step  1 

Attention  bias 

0.055 

0.02 

0.256 

2.60** 

p<. 01 

0.013-0.097 

0.97 

1.03 

Interpretation  RT  bias 

0.015 

0.01 

0.15 

1.45 

n.s. 

-0.006-0.037 

0.88 

1.14 

0.091* 

Percent  of  anger  interpretations 

-1.103 

8.93 

-0.01 

-0.124 

n.s. 

-18.82-16.61 

0.85 

1.17 

Step  2 

Attention  bias 

.064 

.022 

.295 

2.836** 

pc. 01 

0.019-0.108 

0.88 

1.13 

0.110  n.s. 

Interpretation  RT  bias 

.016 

.011 

.152 

1.412 

n.s. 

-0.006-0.038 

0.82 

1.22 

Percent  of  anger  interpretations 

-0.765 

9.310 

-.009 

-.082 

n.s. 

-19.252-17.722 

0.79 

1.26 

Attention  bias  x  Interpretation  RT  bias 

.001 

.001 

.126 

1.144 

n.s. 

0.000-0.002 

0.80 

1.26 

Attention  bias  x  Percent  of  anger  interpretations 

-.021 

.428 

-.005 

-.050 

n.s. 

-0.871-0.829 

0.90 

1.11 

Interpretation  RT  bias  x  Percent  of  anger  interpretations 

-.241 

.212 

-.125 

-1.139 

n.s. 

-0.662-0.1 79 

0.79 

1.26 

Note:  B  =  unstandardised  estimated  coefficient;  SE  =  standard  error;  Cl  =  confidence  interval. 
*p  <  .05. 

**pc.01. 


Table  3.  Estimated  coefficients,  standard  errors,  and  0.95  confidence 

intervals  for  predictors  in 

the  two  steps  of  the  regression  model  predicting  anger  expression  index. 

Predictor 

Coefficients 

Multicollinearity 

Model 

B 

SE 

Beta 

t 

Sig 

95%  Cl 

Tolerance 

VIF 

R2  l\R2 

Step  1 

Attention  bias 

0.148 

0.060 

0.240 

2.478* 

pc. 05 

0.029-0.266 

0.97 

1.03 

0.127** 

Interpretation  RT  bias 

0.083 

0.030 

0.284 

2.786** 

pc. 01 

0.024-0.143 

0.88 

1.14 

- 

Percent  of  anger  interpretations 

-37.51 

24.97 

-0.155 

-1.503 

n.s. 

-87.07-12.04 

0.85 

1.17 

Step  2 

Attention  bias 

.168 

.062 

.273 

2.697** 

pc. 01 

0.044-0.292 

0.88 

1.13 

Interpretation  RT  bias 

.089 

.031 

.304 

2.896** 

pc. 01 

0.028-0.151 

0.82 

1.22 

Percent  of  anger  interpretations 

-29.321 

25.857 

-.121 

-1.134 

n.s. 

-80.667-22.025 

0.79 

1.26 

0.157  n.s. 

Attention  bias  x  Interpretation  RT  bias 

.001 

.002 

.048 

.452 

n.s. 

-0.002-0.004 

0.80 

1.26 

Attention  bias  x  Percent  of  anger  interpretations 

.145 

1.189 

.012 

.122 

n.s. 

-2.215-2.505 

0.90 

1.11 

Interpretation  RT  bias  x  Percent  of  anger  interpretations 

-1.077 

.588 

-.196 

-1.831 

n.s. 

-2.245-0.091 

0.79 

1.26 

Note:  B  =  unstandardised  estimated  coefficient;  SE  =  standard  error;  Cl  =  confidence  interval. 

*p  <  .05 

**pc.01. 
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(a)  anger  suppression  and  anger  expression  toward 
oneself  (AX-I)  was  not  predicted  by  either  attention 
or  interpretation  biases;  (b)  outward  expression  of 
anger  (AX-O)  was  associated  only  with  faster  response 
to  negative  versus  positive  emotional  interpretations 
(higher  interpretation  RT  bias;  |3  =  0.24,  p  <  .05);  (c) 
greater  control  over  experienced  angry  feelings  (AC- 
I)  was  predicted  by  less  allocation  of  attention 
toward  threat  (lower  attention  bias;  (1  =  -0.23,  p  <  .05); 
and  (d)  greater  control  over  outward  expression  of 
anger  (AC-O)  was  predicted  by  both  lower  attention 
bias  toward  threat  (/3  =  —0.21 ,  p<. 05)  and  lower 
interpretation  RT  bias  (yS  =  -0.29,  p  <  .01). 

Discussion 

The  current  study  explored  the  relations  between  cog¬ 
nitive  processes  (attention  and  interpretation  biases) 
and  self-reported  anger  measures  reflecting  theoreti¬ 
cally  distinguished  aspects  of  anger  experience, 
expression,  and  control.  To  our  knowledge,  this  is 
the  first  study  to  examine  the  combined  contributions 
of  attention  and  interpretation  biases  on  sub-com¬ 
ponents  of  self-reported  anger  expression  and 
control.  Results  indicate  a  complex  pattern  of  associ¬ 
ations  in  which  attention  and  interpretation  biases 
each  displayed  unique  associations  with  some  anger 
components  and  overlapping  contributions  to  other 
anger  components.  Unexpectedly,  the  interactions 
between  the  measured  attention  and  interpretation 
biases  did  not  contribute  to  the  prediction  of  any 
anger  component  in  the  current  sample. 

Attention  bias  toward  angry  faces  was  associated 
with  higher  trait  anger,  whereas  interpretation  bias 
did  not  contribute  to  variability  in  trait  anger.  These 
findings  suggest  that  the  disposition  to  experience 
anger  is  related  to  a  cognitive  pattern  of  allocating 
more  attention  to  threatening  stimuli.  This  result  con¬ 
verges  with  prior  studies  suggesting  that  individuals 
with  high  compared  to  low  trait  anger  demonstrate 
greater  attention  bias  toward  negative  stimuli  (Van 
Honk,  Tuiten,  De  Haan,  et  al.,  2001).  This  finding  is 
also  consistent  with  the  ICM  framework  (e.g.  Wilkowski 
&  Robinson,  2008, 2010),  which  suggests  that  high  trait 
anger  is  associated  with  selective  attention  processes 
favouring  hostile  stimuli  and  specifically  with  difficulty 
in  disengaging  attention  from  such  stimuli.  These 
negatively  biased  attention  patterns  are  thought  to 
facilitate  ruminative  and  hostile  information  proces¬ 
sing  that  amplifies  anger.  In  contrast,  negative 
interpretation  biases  did  not  predict  trait  anger,  a 


result  inconsistent  with  our  hypothesis  and  with  the 
ICM  notion  that  hostile  interpretations  are  of  primary 
importance  in  anger  elicitation. 

With  respect  to  the  anger  expression  index,  reflect¬ 
ing  the  balance  between  anger  reactivity  and  anger 
regulation  (Spielberger,  1999),  the  current  findings 
revealed  effects  associated  with  both  attentional  and 
interpretational  biases.  Participants  with  high  anger 
expression  index  displayed  greater  attention  to  nega¬ 
tive  faces  on  the  dot-probe  task  and  faster  negative 
interpretations  on  the  emotion-perception  task. 
These  results  correspond  with  the  ICM  and  SIP 
models,  which  posit  that  biases  in  early  stages  of 
attention,  encoding,  and  interpretation  of  social  infor¬ 
mation  are  precursors  for  reactive  aggression. 

Although  attention  and  interpretation  processes 
may  both  contribute  to  individual  differences  in 
anger  expression,  an  inspection  of  the  association 
between  attention  bias,  interpretation  RT  bias,  and 
the  different  sub-components  of  the  anger  expression 
index  revealed  a  more  specific  pattern.  While  faster 
negative  interpretation  plays  a  role  in  the  tendency 
to  express  anger  toward  the  environment  (AX-O), 
biased  attention  to  angry  faces  is  implicated  in  difficul¬ 
ties  calming  down  when  angered  (AC-1).  Both  atten¬ 
tion  allocation  toward  threats  and  faster  negative 
interpretations  were  associated  with  diminished 
ability  to  control  one's  outward  anger  expression 
(AC-O).  Thus,  while  faster  negative  interpretation 
appears  to  be  related  to  outward  anger  behaviour 
(i.e.  aggression)  and  less  control  over  such  behaviour, 
biased  threat-related  attention  is  involved  in  regu¬ 
lation  and  control  processes  of  both  inner  feelings 
and  outward  behaviour  related  to  anger. 

The  finding  that  fast  negative  interpretation  is 
associated  with  aggression-related  anger  components 
(AX-O,  AC-O)  is  not  surprising.  Hostile  attributional 
style  has  been  identified  as  a  precursor  of  aggressive 
behaviour  development  (Dodge,  2006),  and  aggres¬ 
sive  individuals  tend  to  demonstrate  hostile  attribu¬ 
tion  of  intent  (Orobio  de  Castro  et  al.,  2002).  Most  of 
this  literature  focused  on  interpretation  of  social  situ¬ 
ations  and  many  studies  specifically  focused  on  the 
attribution  of  negative  intent  to  others.  The  current 
study  focused  on  interpretation  of  anger  in  ambigu¬ 
ous  facial  expressions,  demonstrating  that  fast-occur¬ 
ring  interpretations  of  ambiguous  faces  as  angry  are 
related  to  self-reported  anger  expression  toward  the 
environment. 

The  finding  that  negative  attention  bias  was  associ¬ 
ated  with  lower  anger  control  (AC-1,  AC-O) 
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corresponds  with  emotion  regulation  theories  that 
include  attention  processes  as  key  component  of  the 
emotion  regulation  system  (Gross  &  Thompson, 
2007).  According  to  such  models,  distraction  from 
negative  thoughts  serves  as  an  early  filter  for  blocking 
emotional  information  and  preventing  further 
emotion  intensification  (Sheppes  &  Gross,  201 1).  Simi¬ 
larly,  the  ICM  model  (Wilkowski  &  Robinson,  2008, 
2010)  suggests  that  self-distraction  can  reduce  anger 
by  reducing  ruminative  attention  to  hostile  infor¬ 
mation.  Biased  attention  to  negative  information 
may  be  a  precursor  for  difficulties  in  employing  dis¬ 
traction  as  an  emotion  regulation  strategy.  Therefore 
attention  bias  to  negative  stimuli  may  be  related  to 
lower  control  over  anger  reactivity,  as  indicated  in 
the  current  study  by  the  association  between  nega¬ 
tively  biased  attention  and  lower  anger  control  (AC-1, 
AC-O). 

Contrary  to  our  expectations,  no  association  was 
found  between  percent  of  anger  interpretations  and 
any  of  the  self-reported  anger  measures.  It  may  be 
that  percent  of  anger  interpretations,  which  is 
derived  from  a  forced-choice  response,  is  less  sensitive 
than  the  RT-based  measures.  Additionally,  percent  of 
anger  interpretations  is  based  on  explicit  judgments 
and  may  reflect  a  conscious  decision  process.  The 
two  RT-based  measures  we  used  potentially  reflect 
more  implicit  cognitive  processes  that  may  be  less 
affected  by  conscious  awareness.  It  also  may  be  the 
case  that  this  specific  bias  is  more  prominent  in  indi¬ 
viduals  with  more  extreme  levels  of  anger,  not  rep¬ 
resented  in  our  non-selected  sample,  or  individuals 
who  have  been  exposed  to  extreme  aggression,  and 
thus  may  become  sensitive  to  even  mild  expressions 
of  anger,  as  has  been  found  among  abused  children 
(Poliak  &  Kistler,  2002). 

The  current  study  did  not  find  an  effect  for  the 
interaction  between  attention  and  interpretation 
biases  on  anger  measures.  Typically,  SIP  and 
emotion  regulation  theories  model  attention  and 
interpretation  processes  as  inter-related  rather  than 
independent.  Some  see  attention  processes  as  pre¬ 
ceding  interpretation  processes  (Gross  &  Thompson, 
2007;  Sheppes  &  Gross,  2011),  others  see  interpret¬ 
ation  processes  as  influencing  attention  patterns 
(Wilkowski  &  Robinson,  2008,  2010),  and  some  see 
these  processes  as  having  bidirectional  influences 
(Crick  &  Dodge,  1994).  Data  from  cognitive  bias  modi¬ 
fication  studies  in  anxiety  support  the  notion  that 
these  two  processes  are  influenced  by  one  another. 
For  example,  participants  trained  to  allocate  attention 


toward  threat  were  later  more  likely  to  interpret 
ambiguous  information  in  a  threat-related  manner 
(White,  Suway,  Pine,  Bar-Haim,  &  Fox,  2011).  Likewise, 
participants  who  completed  interpretation  training 
that  encouraged  benign,  rather  than  negative, 
interpretations  of  ambiguous  stimuli  demonstrated 
greater  ability  to  disengage  attention  from  threat 
after  training  (Amir,  Bomyea,  &  Beard,  201 0).  Our  find¬ 
ings  suggest  that  each  of  these  processes  has  a  dis¬ 
tinct  and  independent  contribution  to  anger  (for 
similar  findings  in  anxiety  disorders  see  Pergamin- 
Hight,  Bitton,  Pine,  Fox,  &  Bar-Haim,  in  press;  Teach- 
man,  Smith-Janik,  &  Saporito,  2007)  and  have  at  least 
two  implications.  First,  the  findings  suggest  that  indi¬ 
viduals  with  biases  in  both  attention  and  interpret¬ 
ation  are  not  "more  angry"  beyond  the  effects  of 
each  component  separately.  That  is,  one  might 
expect  a  "toxic"  permutation  in  which  (a)  a  propensity 
to  quickly  focus  attention  on  anger-related  stimuli 
combined  with  (b)  a  propensity  to  interpret  ambigu¬ 
ous  stimuli  as  anger-related  leads  to  uncharacteristi¬ 
cally  high  anger  expression,  but  this  did  not  appear 
to  evident  in  the  response  patterns.  The  second  impli¬ 
cation  associated  with  a  lack  of  interactions  is  that  one 
mechanism  does  not  compensate  or  negate  another. 
For  instance,  if  an  individual  had  the  propensity  to 
attend  to  anger-related  stimuli,  but  was  relatively  unli¬ 
kely  to  interpret  ambiguous  stimuli  as  anger-related, 
then  one  might  expect  to  see  an  interaction 
suggesting  suppressive  effects.  This  type  of  pattern, 
however,  was  absent  in  the  current  study.  We  note 
that  alternatively,  this  lack  of  interactive  effect  may 
be  related  to  the  moderate  anger  levels  in  the 
current  sample.  It  may  be  the  case  that  in  participants 
with  more  extreme  anger  levels,  not  represented  in 
the  current  sample,  these  two  processes  might  inter¬ 
act  and  amplify  the  effect  of  each  other. 

The  relative  lack  of  anger-related  research  examin¬ 
ing  attention  and  interpretation  biases  in  processing 
facial  expressions  opens  up  important  and  interesting 
areas  for  future  research.  First,  we  used  only  angry- 
happy  morphed  sequences  in  the  emotion-perception 
task.  By  focusing  on  only  one  type  of  negative 
emotion,  we  were  unable  to  ascertain  whether  anger 
was  related  to  a  specific  tendency  to  interpret  ambig¬ 
uous  faces  as  angry  or,  alternatively,  a  more  general 
tendency  to  interpret  ambiguous  faces  as  negative. 
Future  studies  could  explore  this  question  by  using 
stimuli  consisting  of  various  negative  emotions  (e.g. 
contempt,  fear,  and  disgust),  or  ambiguous  emotions 
(e.g.  surprise),  and  tasks  that  include  other  negative 
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response  options  in  addition  to  anger.  Adding  a 
neutral  response  option  might  also  help  differentiate 
whether  the  pattern  of  more  negative  interpretation 
was  due  to  more  anger  interpretations,  less  happy 
interpretations,  or  both.  Similarly,  in  the  dot-probe 
task  only  angry-neutral  face  pairs  were  used  and  we 
were  therefore  unable  to  determine  whether  the 
bias  was  specifically  related  to  angry  faces,  or  alterna¬ 
tively  related  to  a  bias  toward  negative  emotional 
faces  or  even  to  any  emotional  faces  compared  to 
neutral  faces.  To  examine  this,  future  studies  may 
use  stimuli  sets  consisting  of  various  emotional 
expressions.  Moreover,  future  research  could  elucidate 
whether  anger  is  related  to  attention  engagement  by 
angry  faces,  difficulty  disengaging  attention  from 
angry  faces,  or  both  (for  similar  examinations  in 
anxiety  see  Grafton  &  MacLeod,  2014;  Koster, 
Crombez,  Verschuere,  Van  Damme,  &  Wiersema, 
2006). 

On  a  related  note,  we  focused  solely  on  anger 
thereby  may  have  limited  our  ability  to  control  for 
other  traits  that  may  be  associated  with  the  measured 
cognitive  biases.  For  instance,  similar  attention  and 
interpretation  biases  have  been  previously  shown  to 
be  related  to  anxiety  (e.g.  Bradley  et  al.,  1998;  Maoz 
et  al.,  2016).  Thus,  an  important  and  interesting  direc¬ 
tion  for  future  research  may  be  exploring  concurrent 
and  differential  associations  between  cognitive  biases, 
anger,  and  anxiety  in  the  same  sample.  Some  findings 
support  associations  between  anxiety  and  anger  (e.g. 
Kashdan  &  Collins,  2010)  and  it  could  be  the  case  that 
similar  cognitive  biases  in  threat  monitoring  are 
related  to  both  traits,  reflecting  two  distinct  emotional 
reactions  to  threat  (anger-fight,  fear-flight).  Moreover, 
attention  and  interpretation  biases  in  threat  processing 
may  be  related  to  broader  reactivity  and  regulation 
characteristics  that  are  not  only  anger-related. 

With  respect  to  measurement-related  future 
research,  we  note  that  although  RT  bias  scores  are 
commonly  used  in  the  cognitive  bias  literature, 
several  studies  have  found  the  reliability  of  such  sub¬ 
traction-based  scores  in  the  dot-probe  task  to  be  low 
(Schmukle,  2005;  Staugaard,  2009).  Some  alternative, 
more  reliable  measures  for  attention  bias  have 
recently  been  suggested,  such  as  attention  bias  varia¬ 
bility  (Naim  et  al.,  201 5),  ERP  and  fMRI  signals  (e.g.  Kap- 
penman,  MacNamara,  &  Proudfit,  2015;  White  et  al., 
2016),  and  eye-tracking  (e.g.  Lazarov,  Abend,  &  Bar- 
Haim,  2016;  Shechner  et  al.,  2013).  Future  studies 
may  use  these  alternative  measures  to  replicate  the 
biases  found  in  the  current  study. 


Finally,  future  research  should  examine  the  gener- 
alizability  of  our  findings.  More  specifically,  anger 
levels  in  our  sample  were  rather  restricted  and  may 
have  limited  our  ability  to  account  for  effects  related 
to  more  extreme  anger  levels.  Future  studies  could 
enrol  individuals  with  elevated  levels  of  anger,  from 
samples  of  above-average  self-reported  anger,  to 
samples  of  individuals  who  suffer  from  anger-related 
problems  disrupting  normative  function  (e.g.  frequent 
anger  outbursts,  or  repeated  violent  acts).  Establishing 
causality  between  cognitive  bias  and  anger,  and 
establishing  these  cognitive  biases  among  highly 
angry  samples,  could  serve  as  preliminary  steps  for 
future  cognitive  bias  modification  protocols  once 
stable  targets  for  treatment  emerge.  Computerised 
cognitive  modification  protocols  are  increasingly 
studied  in  the  context  of  treatment  for  anxiety  dis¬ 
orders  (for  reviews  see  Bar-Haim,  2010;  Beard,  2011; 
Hakamata  et  al.,  2010;  MacLeod  &  Mathews,  2012), 
yet  the  use  of  computerised  cognitive  modification 
protocols  in  the  context  of  anger  and  aggression  treat¬ 
ment  is  still  scarce  (cf.  Hawkins  &  Cougle,  2013; 
Penton-Voak  et  al.,  2013;  Stoddard  et  al.,  2016). 
Based  on  the  findings  of  the  current  study,  interven¬ 
tions  focusing  on  attention  and  interpretation  pro¬ 
cesses  may  potentially  contribute  to  changes  in 
different  anger-related  elements. 

Targeting  interpretation  processes  may  help 
reduce  expressions  of  anger.  Indeed,  interventions 
training  toward  benign  rather  than  negative  interpret¬ 
ation  of  social  scenarios  have  been  shown  to  reduce 
anger  and  aggressive  behaviour  (e.g.  Hawkins  & 
Cougle,  2013).  To  our  knowledge,  only  one  random¬ 
ised  controlled  intervention  study  used  computerised 
modification  training  to  target  interpretation  of 
ambiguous  faces  (Penton-Voak  et  al.,  2013).  In  this 
study,  youth  trained  toward  positive  interpretation 
of  ambiguous  faces  demonstrated  less  aggressive 
behaviour  compared  with  a  control  group.  Since  the 
current  study  found  anger  expression  to  be  associated 
with  the  more  implicit  aspect  of  negative  interpret¬ 
ation  RT  bias  rather  than  with  the  explicit  percent  of 
negative  interpretations,  cognitive  modification 
effects  on  anger  expression  may  potentially  be 
enhanced  by  targeting  interpretation  response  times 
in  addition  to  interpretation  judgments.  Alternatively, 
targeting  attention  processes,  and  specifically  redu¬ 
cing  attention  allocation  to  negative  stimuli  via  atten¬ 
tion  bias  modification  may  uniquely  contribute  to 
improvement  in  the  capacity  to  control  and  relax 
anger  feelings  when  experienced.  To  our  knowledge, 
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no  attention  bias  modification  protocol  has  been  used 
yet  to  target  anger  regulation.  The  current  results 
suggest  that  both  attention-  and  interpretation- 
based  interventions  could  potentially  contribute  to 
better  control  over  outward  anger  expression.  This 
combined  approach  could  be  directly  tested  in 
future  randomised  controlled  intervention  studies. 

The  current  study  also  had  several  limitations.  First, 
the  order  of  the  two  cognitive  tasks  was  not  counter¬ 
balanced  across  participants.  This  may  have  affected 
the  findings  by  increasing  emotional  sensitivity 
during  the  morph  task  which  might  have  had  a 
carry-over  effect  during  the  dot-probe  task.  Future 
studies  examining  both  cognitive  biases  should  pre¬ 
ferably  use  a  design  in  which  the  two  tasks  are  coun¬ 
terbalanced.  Second,  the  current  study  is  correlative, 
limiting  inference  regarding  causality.  The  current 
analyses  tested  a  theory-driven  model  suggesting 
that  cognitive  biases  cause  variations  in  anger  levels. 
Nonetheless,  it  is  also  possible  that  individual  differ¬ 
ences  in  trait  or  state  anger  levels  influence  differential 
cognitive  patterns.  Although  previous  studies  have 
demonstrated  effect  of  changes  in  hostile  interpret¬ 
ation  on  change  in  anger  (e.g.  Flawkins  &  Cougle, 
2013),  supporting  the  hypothesised  causal  sequence, 
this  causal  relation  has  not  yet  been  demonstrated 
for  attention  biases.  Future  studies  may  test  for  caus¬ 
ality  by  manipulating  attention  toward  or  away  from 
hostile  information  while  monitoring  subsequent 
change  in  anger.  A  similar  approach  has  been  used 
to  establish  causality  between  attention  bias  and 
anxiety  (Eldar,  Ricon,  &  Bar-Haim,  2008;  MacLeod, 
Rutherford,  Campbell,  Ebsworthy,  &  Flolker,  2002). 
The  alternative  possible  direction  may  be  examined 
by  manipulating  state  anger  and  measuring  sub¬ 
sequent  changes  in  cognitive  biases.  Third,  the 
current  study  relied  on  self-reported  anger,  whereas 
future  research  may  include  more  direct  and  objective 
measures  of  anger  experience  and  expression  (e.g. 
psychophysiological  measures,  criminal  records). 

In  sum,  this  is  the  first  study  to  explore  attention 
and  interpretation  biases  as  well  as  their  interaction 
as  predictors  of  different  self-reported  anger  sub-com¬ 
ponents.  The  current  findings  provide  preliminary  evi¬ 
dence  for  differential  patterns  of  associations  between 
cognitive  processes  and  the  sub-components  of  anger 
experience,  expression,  and  regulation.  These  findings 
could  be  followed  up  using  controlled  experimental 
designs  involving  groups  with  heightened  levels  of 
trait  anger  or  clinical  groups,  as  well  as  cognitive  modi¬ 
fication  protocols  targeting  different  cognitive 


mechanisms  in  order  to  further  elucidate  their  specific 
causal  contribution  to  anger  and  its  regulation  in 
anger-provoking  conditions. 
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Abstract 


This  study  explored  the  effect  of  two  similar  cognitive  training  tasks  on  interpretation  of 
ambiguous  emotional  expressions,  self-reported  anger,  and  retaliatory  behavior  during 
interpersonal  monetary  decision  making  (Ultimatum  Game).  Participants  were  160  Israeli  and 
British  undergraduates  with  high  trait  anger.  Relative  to  placebo  training,  active  training 
reduced  anger-related  interpretations  of  ambiguous  faces,  and  this  effect  generalized  to  novel 
faces.  Training  did  not  affect  self-reported  trait  anger,  but  did  mitigate  self-reported  state 
anger.  Finally,  although  participants  in  the  active  training  condition  did  not  differ  from  those 
in  placebo  training  in  direct  retaliation  against  players  who  initiated  unfair  monetary 
transactions,  the  former  showed  less  displaced  retaliation,  as  reflected  by  fairer  offers  to  a 
subsequent  neutral  player.  These  results  suggest  that  in  individuals  with  high  trait  anger, 
modifying  interpretations  of  ambiguous  emotional  faces  may  reduce  indirect  behavioral 
manifestations  of  anger. 
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While  anger  is  a  universal  human  emotion  (Plutchik,  2001;  Scherer  et  al.,  2004), 
failure  to  control  anger  can  produce  harmful  aggressive  or  retaliatory  behaviors.  Some  such 
behaviors  may  be  expressed  directly  toward  the  anger-provoking  agent,  whereas  other 
behaviors  may  be  displaced  and  directed  toward  a  different  target,  uninvolved  in  the  original 
provocation.  The  idea  of  aggression  displacement  has  roots  in  classic  psychoanalytic  theory 
(Freud,  1937;  Sappenfield,  1954).  It  refers  to  altering  the  target  of  aggression  as  a  way  to 
avoid  impulse  expression  toward  "unsuitable"  targets,  which  may  result  in  unwanted 
consequences,  or  as  a  way  to  express  the  impulse  when  the  original  target  is  not  available 
(Dollard  et  al.,  1939;  Marcus-Newhall  et  al.,  2000).  Yet  displaced  aggression  may  also  result 
in  harmful  consequences.  For  example,  employees  who  were  “put  down”  by  their  supervisors 
tended  to  “put  down”  family  members  or  domestic  partners  (Hoobler  and  Brass,  2006). 
Similarly,  combat-related  anger  in  soldiers  has  been  associated  with  more  aggressive 
tendencies,  such  as  looking  to  start  a  fight  after  returning  home  from  deployment  (Adler  et 
al.,  2011). 

Cognitive  models  of  trait  anger  and  aggression  (e.g.,  Crick  and  Dodge,  1994; 
Wilkowski  and  Robinson,  2008,  2010;  Wranik  and  Scherer,  2010)  suggest  that  a 
predisposition  to  interpret  ambiguous  information  and  stimuli  in  a  negative/hostile  manner 
serves  as  one  of  the  key  cognitive  precursors  of  high  trait  anger  and  reactive  aggression. 
Empirical  findings  support  the  suggested  association  between  anger  and  aggression  and 
biased  interpretation  of  ambiguous  information  (for  reviews  see  Dodge,  2006;  Orobio  de 
Castro  et  al.,  2002;  Owen,  2011;  Schultz  et  al.,  2010).  Following  these  lines  of  research,  there 
have  been  recent  attempts  to  moderate  anger  and  aggressive  behavior  by  modifying  basic 
interpretive  processes.  For  example,  Penton-Voak  et  al.  (2013)  used  a  computerized 
feedback-based  training  to  modify  participants'  interpretations  of  ambiguous  facial  expression 
from  hostile-oriented  (angry)  to  more  positive-oriented  (happy),  resulting  in  reduced  anger  in 
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a  sample  of  undergraduate  students  and  in  less  aggressive  behavior  recorded  by  independent 
evaluators  in  a  sample  of  frequently  aggressive  adolescents  at  risk  for  criminal  behavior 
(Penton-Voak  et  al.,  2013). 

In  the  current  study  we  wanted  to  explore  the  effect  of  computerized  interpretation 
training  on  anger  levels  and  on  direct  and  displaced  retaliation  tendencies.  One  interesting 
paradigm  from  which  to  study  both  displaced  and  direct  anger-related  retaliation  is  within  the 
context  of  the  Ultimatum  Game  (Girth  et  al.,  1982).  In  each  round  of  the  Ultimatum  Game 
two  players  are  asked  to  allocate  a  set  amount  of  money.  One  player  is  assigned  to  be  "the 
proposer",  and  has  to  offers  how  to  distribute  the  money,  while  the  other  player  is  assigned  to 
be  "the  responder"  and  has  to  choose  whether  to  accept  the  offer  (in  which  case  the  money  is 
divided  accordingly),  or  to  reject  the  offer  (in  which  case  both  players  get  nothing).  With 
respect  to  direct  anger,  there  is  evidence  that  receiving  an  unfair  offer  in  this  game  induces 
angry  feelings  that  influence  decision  making  and  enhance  direct  retaliatory  behavior,  such  as 
rejecting  unfair  offers  or  offering  less  money  to  anger-  provoking  counterparts  (Fabiansson 
and  Denson,  2012;  Pillutla  and  Murnighan,  1996).  Displaced  anger  has  also  been  shown  to 
influence  decision  making  and  retaliatory  behavior  in  this  paradigm.  For  example, 
participants  who  watched  an  anger-evoking  video  before  playing  the  Ultimatum  Game 
rejected  more  offers  than  participants  who  watched  a  happy  mood  video  prior  to  the  game 
(Andrade  and  Ariely,  2009).  Presumably,  watching  an  anger-evoking  video  primed 
participants  to  experience  anger,  which  was  subsequently  displaced  and  resulted  in  more 
retaliatory  behavior  during  the  Ultimatum  Game. 

The  aim  of  the  current  study  was  to  examine  the  impact  of  two  computerized 
cognitive  interpretation  training  tasks  on  self-reported  anger  levels  and  on  direct  and 
displaced  retaliation  in  the  context  of  the  Ultimatum  Game.  The  sample  consisted  of  students 
who  had  above-average  trait  anger  (Israel  site)  or  extreme  trait  anger  (UK  site).  In  a  double 
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blind  randomized  controlled  trial,  we  examined  whether  interpretation  training  designed  to 
increase  positive  over  negative  perception  of  ambiguous  facial  expressions,  compared  to 
placebo  training,  resulted  in  modified  interpretation  patterns,  reduced  self-reported  anger  and 
less  direct  and  indirect  retaliation  responses.  We  used  two  versions  of  interpretation  training 
that  were  developed  independently  at  the  two  universities,  to  assess  whether  one  version 
would  be  more  effective  than  the  other  in  either  engaging  the  cognitive  target  or  in  reducing 
anger  and  aggressive  retaliation.  We  expected  that  both  training  versions  would  result  in  a 
change  in  interpretation  pattern  in  the  active  training  group  but  not  in  the  placebo  training 
group.  Specifically,  we  hypothesized  that  following  active  training  (in  both  task  versions) 
participants  would  tend  to  interpret  ambiguous  faces  as  more  positive  compared  to 
participants  in  the  placebo  training  condition.  We  also  expected  that  participants  in  the  active 
training  condition  would  demonstrate  decreases  in  self-reported  anger  levels  and  less 
aggressive  retaliation  (both  direct  and  indirect)  compared  to  participants  in  the  placebo 
training  condition.  We  did  not  have  an  a  priori  hypothesis  regarding  which  of  the  two 
training  versions  would  be  more  efficacious. 

Method 

Design 

The  study  used  a  2  (task  version:  TAU/UoB)  x  2  (training  condition:  Active/Placebo) 
x  2  (site:  Israel/UK)  between-subjects  design. 

Participants 

The  effect  size  for  the  change  in  interpretation  bias  in  two  previous  studies  ranged 
from  d=l.  1-1.2  (Penton-Voak  et  al.,  2013,  studies  1,2).  However,  the  effect  of  training  on 
self-reported  anger  among  undergraduate  students  was  smaller  d=0.84  (Penton-Voak  et  al., 
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2013,  study  1).  The  power  calculation  suggested  that  38  participants  would  be  needed  in  each 
group  to  achieve  95%  power  to  detect  such  an  effect  with  an  a  level  of  0.05.  In  order  to 
account  for  a  possible  5%  dropout,  and  still  have  sufficient  power  to  detect  the  expected 
effect  on  self-reported  anger,  we  recruited  40  participants  to  each  Training  Condition  x  Task 
Version  combination  (20  of  which  were  collected  in  each  site). 

Israel  site:  Eighty  undergraduate  students  from  Tel  Aviv  University  participated  in  the 
study  (20%  males,  mean  age=23.48,  SD=3.57).  These  participants  were  pre-selected  based  on 
their  self-reported  above-average  trait  anger  levels  on  the  State-Trait  Anger  Expression 
Inventory  (STAXI-2;  Spielberger,  1999),  inclusion  cutoff  score  >19.  A  score  of  19  reflects 
the  65th  percentile  of  trait  anger  scores  in  normative  adults  (Spielberger,  1999). 

UK  site:  Eighty  undergraduate  students  from  the  University  of  Bristol  participated  in 
the  study  (33.75%  males,  mean  age=21.05,  SD=2.92).  These  participants  were  pre-selected 
based  on  their  self-reported  anger  levels  on  the  STAXI-2  completed  on-line.  Due  to  an  error, 
instead  of  screening  participants  based  on  trait  anger  cutoff  score  >19,  the  participants  in 
Bristol  were  in  fact  screened  based  on  a  cutoff  score  >29,  corresponding  to  the  96th 
percentile  of  trait  anger  scores  in  normative  adults  (Spielberger,  1999). 

The  study  was  approved  by  both  the  Tel  Aviv  University  Institutional  Review  Board 
and  the  University  of  Bristol  Faculty  of  Science  Research  Ethics  Committee.  Participants 
provided  signed  informed  consent  and  received  either  course  credit  or  monetary 
compensation  (80NIS  or  £20).  In  addition,  participants  received  the  amount  of  money  they 
earned  during  the  Ultimatum  Game. 

Interpretation  training  tasks 

Stimuli 
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Stimuli  for  both  task  versions  (TAU/UoB)  were  images  of  morphed  faces,  ranging 
from  unambiguously  happy  to  unambiguously  angry  images,  with  emotionally  ambiguous 
images  in  the  middle  of  the  range.  Both  tasks  were  run  using  E-Prime  2.0  software 
(Psychology  Software  Tools,  Pittsburgh,  PA). 

TAU  version:  Morphed  face  sequences  were  generated  using  Morpheus  Photo 
Morpher  (version  3.16)  from  pictures  of  four  actors  (2  female),  taken  from  the  NimStim  set 
(Tottenham  et  al.,  2009;  models  10,  18,  37,  41).  Each  morphed  sequence  consisted  of  15 
images  ranging  between  the  happy  and  angry  expressions  of  each  actor.  Each  trial  began  with 
a  fixation  cross  (800- 1200ms),  followed  by  a  200  ms  presentation  of  a  morphed  face  image,  a 
200ms  visual  mask  and  a  question  mark  that  remained  on  the  screen  until  response.  In  this 
version  the  measurement  and  training  phases  each  consisted  of  180  trials  (4  actors  x  15 
morphed  images  x  3  repetitions),  displayed  in  random  order. 

UoB  version:  Stimuli  were  generated  in  two  steps,  as  described  in  Penton-Voak  et  al. 
(2013).  First,  established  techniques  (Tiddeman  et  al.,  2001)  were  used  to  generate 
prototypical  happy  and  angry  composite  images  from  20  individual  male  faces  showing  a 
happy  facial  expression  and  the  same  20  individuals  showing  an  angry  expression.  The 
original  images  came  from  the  Karolinska  Directed  Emotional  Faces  (Lundqvist  et  al.,  1998). 
Then,  the  two  "happy"  and  "angry"  prototypical  images  were  used  as  endpoints  to  generate  a 
linear  morph  sequence  consisting  of  15  equally  spaced  images  that  were  used  as  experimental 
stimuli.  Each  trial  began  with  a  fixation  cross  (1,500  to  2,500  ms),  followed  by  a  150  ms 
presentation  of  a  face  image,  a  visual  mask  (150  ms)  and  a  prompt  asking  the  participant  to 
respond.  The  baseline  and  post-training  measurements  were  identical  and  consisted  of  45 
trials,  with  each  of  the  15  morphed  stimuli  presented  three  times  in  random  order.  The 
training  phase  consisted  of  six  training  blocks,  with  30  trials  each  (two  presentations  of  each 
morphed  image,  in  random  order),  for  a  total  of  180  training  trials. 


36 


Training  sequence 


For  both  task  versions  each  training  session  included  three  parts:  baseline 
measurement,  training,  and  post-training  measurement. 

Baseline  measurement:  Participants  were  told  that  on  each  trial  a  face  would  appear 
briefly,  and  were  asked  to  determine  as  quickly  as  possible  whether  each  face  was  "angry"  or 
"happy"  by  pressing  one  of  two  pre-specified  keyboard  buttons.  Two  bias  measures  were 
calculated:  a)  percent  of  anger  responses  out  of  all  the  responses  was  calculated  and 
transformed  to  an  angry-happy  balance  point,  reflecting  an  estimate  of  the  point  in  the 
morphed  sequence  in  which  a  participant's  interpretation  shifted  from  happy  to  angry 
interpretation  (for  a  detailed  description  see  Penton-Voak  et  al.,  2013),  and  b)  reaction  time 
(RT)  bias,  which  was  calculated  by  subtracting  mean  RT  in  trials  with  "angry"  responses 
from  mean  RT  in  trials  with  "happy"  responses  (Maoz  et  al.,  2016a;  Maoz  et  al.,  2016b),  in 
order  to  index  a  propensity  to  make  negative  interpretations  more  quickly  than  positive 
interpretations.  RT  bias  scores  above  zero  reflect  a  tendency  to  make  angry  interpretations 
faster  than  happy  interpretations,  whereas  scores  below  zero  reflect  the  opposite  tendency. 

Training  phase:  Each  trial  in  the  training  phase  was  similar  to  a  trial  in  the  baseline 
measurement  with  respect  to  stimulus  presentation  characteristics  and  task  demands.  In  the 
training  phase,  however,  feedback  was  provided  following  the  participant’s  response  by 
presenting  a  message  on  the  screen  saying,  “Correct/Incorrect!  That  face  was  happy/angry". 
The  feedback  was  given  based  on  the  participant's  condition  (placebo/active  training),  which 
was  randomly  assigned  at  the  beginning  of  the  session.  In  the  active  training  condition, 
feedback  was  based  on  the  participant’s  baseline  balance  point,  but  the  “correct” 
classification  was  shifted  two  morphed  images  toward  the  angry  end  of  the  continuum,  so 
that  the  two  ambiguous  images  nearest  to  the  balance  point  that  the  participant  had  classified 


37 


as  angry  at  baseline  received  feedback  suggesting  that  happy  was  the  correct  response  during 
the  training  phase.  In  the  placebo  condition,  feedback  was  directly  based  on  the  participant’s 
baseline  balance  point.  Responses  were  classified  as  “correct”  when  participants  identified 
face  images  between  their  original  balance-point  and  the  happy  endpoint  as  happy,  and  faces 
between  the  balance  point  and  the  angry  endpoint  as  angry.  Therefore,  no  change  in 
interpretation  bias  was  expected  in  this  condition. 

Test  measurement:  The  test  measurement  was  identical  to  the  baseline  measurement. 
Following  the  test  measurement,  participants'  percent  of  anger  responses  and  RT  bias  scores 
were  again  calculated,  to  examine  whether  the  training  modified  each  of  the  bias  indices. 

Near-transfer  of  training 

Before  the  training  sequence  in  session  1,  and  after  the  training  sequence  in  session  2, 
participants  completed  a  generalization  near-transfer  measurement.  This  measurement  was 
similar  to  the  measurement  phase  in  the  training  sequence,  but  consisted  of  morphed  images 
that  were  not  included  in  the  training  session.  For  this  purpose,  another  morphed  sequence 
was  generated.  This  sequence  also  consisted  of  15  morphed  faces  ranging  between  the 
endpoints  of  happy  and  angry  expressions  of  a  male  actor  from  the  NimStim  set  (Tottenham 
et  al.,  2009;  model  34).  This  measurement  consisted  of  one  block  with  45  trials,  in  which 
each  of  the  15  morphed  stimuli  was  presented  three  times  in  a  random  order.  All  other 
characteristics  of  stimuli  presentation  were  the  same  as  those  in  the  measurement  phase  of  the 
relevant  task  version  (TAU/UoB). 

Self-reported  anger 

Self-reported  trait  anger  was  evaluated  using  the  STAXI-2  (Spielberger,  1999).  In 
UK,  the  English  version  was  used;  in  Israel,  a  Hebrew  translation  was  used.  The  STAXI-2 
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was  translated  to  Hebrew  in  cooperation  with  the  copyright  owners  and  feedback  from  the 
original  author  (PAR  Inc.).  In  the  present  sample,  Cronbach's  alphas  in  the  Israel  site  were 
0.74  and  0.75  for  trait  anger  in  sessions  1  and  2,  respectively,  and  0.66  and  0.77  for  anger 
expression  in  sessions  1  and  2,  respectively.  Cronbach's  alphas  in  the  UK  site  were  0.67  and 
0.74  for  trait  anger  in  sessions  1  and  2,  respectively,  and  0.67  and  0.76  for  anger  expression 
in  sessions  1  and  2,  respectively. 

Self-reported  online  state  anger  was  evaluated  using  an  analog  mood  scale,  on  which 
participants  were  required  to  rate  their  current  anger  level  on  a  scale  ranging  from  0  to  30 
(Abend  et  al.,  2014). 

Ultimatum  Game 

A  virtual  Ultimatum  Game  was  introduced  to  the  participants  as  an  interactive  web 
application.  The  participants  were  told  they  would  play  an  interactive  web  game  with  a 
number  of  other  players  (who  were  in  fact  virtual  players).  At  the  beginning  of  the  game, 
pictures  of  the  four  "players"  were  presented  on  the  screen.  This  included  the  participants' 
own  picture  as  well  as  pictures  representing  each  of  the  three  other  players.  In  each  round  of 
the  game  the  participant  was  "randomly  paired"  with  a  single  other  player,  and  this  player's 
photo  was  presented  on  the  screen  together  with  the  participants'  photo  (as  is  commonly  the 
setting  in  on-line  chats  or  games).  Participants  were  told  that  the  responses  of  the  responders 
would  be  revealed  only  at  the  end  of  the  game,  as  opposed  to  after  each  round,  and  that  the 
sums  of  money  would  be  divided  accordingly. 

In  each  round,  the  pair  of  players  had  to  share  a  predetermined  sum  of  money  (10  NIS 
in  Israel  and  £5  in  UK).  The  game  consisted  of  four  rounds.  In  the  first  round,  the  participant 
was  assigned  the  role  of  the  proposer  and  made  an  offer  to  the  first  unfamiliar  player.  We 
termed  this  round  the  "baseline  proposal".  In  the  second  round  the  participant  was  assigned 
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the  role  of  the  responder  and  received  an  unfair  offer  (20%  of  the  sum)  from  a  new  unfamiliar 
player,  who  we  termed  the  "unfair"  player.  The  participant  then  decided  whether  to  accept  or 
reject  the  unfair  offer.  In  the  third  round,  the  participant  was  paired  with  the  third  unfamiliar 
player  and  was  assigned  the  role  of  the  proposer.  We  were  interested  in  whether  the 
participant's  proposal  to  this  "innocent"  unfamiliar  player  would  be  affected  by  displaced 
retaliation  following  the  unfair  offer  from  the  "unfair"  player  in  the  previous  round.  Our 
hypothesis  was  that  participants  in  the  active  training  condition  will  show  less  displaced 
retaliation  toward  the  "innocent"  player  in  this  round  reflected  in  more  fair  offers  relative  to 
the  placebo  condition.  Finally,  the  fourth  round  again  paired  the  participant  with  the  "unfair" 
player,  but  the  participant  was  assigned  the  role  of  “proposer”,  offering  an  opportunity  for 
direct  retaliation.  Our  hypothesis  was  that  participants  in  the  active  training  condition  will 
show  less  direct  retaliation,  i.e.  that  their  offers  in  this  round  will  be  more  fair  than  the  offers 
made  by  participants  in  the  placebo  condition. 

Procedure 

Participants  arrived  at  the  laboratory  for  two  experimental  sessions,  one  week  apart. 

In  the  first  session,  participants  were  given  an  explanation  about  the  study  and  provided 
signed  informed  consent.  They  next  completed  the  two  trait  scales  from  the  STAXI-2 
questionnaire  and  rated  their  current  anger  level  on  an  analog  mood  scale  ranging  from  0  to 
30.  Participants  were  then  told  they  were  going  to  perform  an  emotion  recognition  task,  in 
which  a  face  would  be  presented  briefly  in  each  trial.  Participants  were  told  to  judge  whether 
the  face  was  angry  or  happy.  The  first  generalization  block  was  then  run.  After  participants 
completed  this  block,  they  were  told  that  they  would  perform  the  same  task  but  with  different 
faces.  They  were  told  that  the  task  consisted  of  three  parts,  during  one  of  which  they  would 
receive  feedback  regarding  the  accuracy  of  their  responses.  Then,  the  three-stage  emotion 
perception  training  procedure  began  (baseline;  training;  test),  with  a  short  break  separating 
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each  block.  After  the  task,  participants  again  rated  their  current  anger  level  on  the 
computerized  mood  scale.  The  first  session  lasted  35-45  minutes. 

Participants  were  told  that  the  second  session  involved  two  parts:  one  that  continued 
the  prior  week's  session  with  computer  tasks  and  questionnaires,  and  a  second  part,  The 
Ultimatum  Game,  which  was  presented  as  a  pilot  study  assessing  decision  making.  During 
the  first  part,  participants  rated  their  current  anger  level  on  the  computerized  mood  scale, 
completed  the  three-part  interpretation  training  and  an  additional  generalization  block,  again 
rated  their  current  anger  level  on  a  mood  scale  and  completed  the  STAXI-2  questionnaire. 
Subjects  then  completed  The  Ultimatum  Game.  After  the  Ultimatum  Game  participants 
completed  a  feedback  form  and  received  the  money  they  earned  in  the  game  as  well  as  the 
course  credit  or  monetary  compensation  for  participating  in  the  study.  The  second  session 
lasted  approximately  55-60  minutes. 

Data  cleaning 

Three  participants  (1  male)  dropped  out  from  the  study  before  the  second  session  and 
were  thus  removed  from  analyses.  To  eliminate  subjects  with  poor  compliance,  a  70% 
accuracy  threshold  was  set  for  identifying  the  two  overtly  angry  and  overtly  happy  facial 
expressions  (Stoddard  et  al.,  2016),  which  one  participant  failed  to  pass  and  was  thus 
excluded  from  further  analysis.  The  average  accuracy  score  for  the  remaining  156 
participants  was  96.03%  (SD=3.74%).  Trials  with  RTs  longer  than  2000  ms  were  excluded 
from  the  RT  bias  calculation.  Then,  for  each  participant,  trials  with  RTs  deviating  by  more 
than  3  standard  deviations  from  the  mean  of  each  response  type  (happy/angry)  were  also 
excluded.  This  resulted  in  the  removal  of  4.8%  of  all  trials. 

Data  Analysis 
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Cognitive  measures  and  trait  anger:  The  two  cognitive  indices  (percent  of  anger 
responses  and  RT  bias)  were  submitted  to2x2x2x2  repeated-measures  ANOVAs  with 
Time  (baseline,  post-training)  as  a  repeated  within-subjects  factor  and  Training  Condition 
(active  training,  placebo  training),  Task  Version  (TAU,  UoB)  and  Site  (Israel,  UK)  as 
between-subjects  factors.  The  same  analysis  was  applied  for  the  cognitive  indices  derived 
from  the  generalization  blocks,  as  well  as  for  the  STAXI-2  measures  of  trait  anger  and  anger 
expression. 

Baseline  proposals  in  the  Ultimatum  Game:  To  examine  whether  the  training  had  any 
effect  on  baseline  proposals  in  the  Ultimatum  Game,  an  ANOVA  with  Training  Condition, 
Task  Version,  and  Site  as  between-subjects  factors  was  conducted,  with  percent  of  the  sum 
proposed  to  the  other  player  at  baseline  (round  1)  as  the  dependent  variable. 

Direct  retaliation  in  the  Ultimatum  Game:  In  the  version  of  the  ultimatum  game  we 
used,  direct  retaliation  toward  the  "unfair"  player  could  be  expressed  in  two  ways:  first,  by 
choosing  to  reject  the  unfair  offer  in  round  2;  and,  second,  by  proposing  an  unfair  offer  when 
reencountering  the  "unfair"  player  in  round  4.  To  examine  whether  training  had  an  effect  on 
direct  retaliation  behavior  in  the  ultimatum  game,  we  first  used  a  Chi-squared  test  to  examine 
whether  the  two  training  conditions  differed  in  the  proportion  of  participants  who  rejected  the 
unfair  offer.  Second,  we  conducted  an  ANOVA  with  Training  Condition,  Task  Version,  and 
Site  as  between-subjects  factors,  and  percent  of  the  sum  proposed  to  the  "unfair"  player 
(round  4)  as  the  dependent  variable. 

Displaced  retaliation  in  the  Ultimatum  Game:  To  examine  whether  training  had  an 
effect  on  displaced  retaliation  toward  the  "innocent"  player  in  the  ultimatum  game,  we 
conducted  an  ANOVA  with  Training  Condition,  Task  Version  and  Site  as  between-subjects 
factors,  and  percent  of  the  sum  proposed  to  the  scapegoat  (round  3)  as  the  dependent  variable. 
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Change  in  anger  mood  within  sessions:  An  anger  mood  change  score  was  calculated 


within  each  training  session  by  subtracting  scores  on  the  computerized  anger  mood  scale 
before  training  from  anger  mood  scores  after  training.  The  change  scores  were  submitted  to  a 
2  x  2  x  2  x  2  repeated-measures  ANOVA  with  Session  (first,  second)  as  a  repeated  within- 
subject  factor  and  Training  Condition  (active,  placebo),  Task  Version  (TAU,  UoB)  and  Site 
(Israel,  UK)  as  between-subjects  factors. 


Results 

Means  and  95%  confidence  intervals  (CIs)  of  baseline  and  post-training 
measurements  by  Group  are  presented  in  Table  1. 


Table  1.  Means  and  95%  CIs  of  Baseline  and  Post-Training  Measurements  by  Group. 


Active  training  group  (N=77) 

Placebo  training  group  (N=79) 

Baseline 

Post-training 

Baseline 

Post-training 

Gender  (%  Male) 

37.5% 

36.2% 

Age 

21.83  [21.10,  22.56] 

22.55  [21.75,  23.35] 

Cognitive  task 

Anger  responses  (%) 

54.95  [52.94,  56.96] 

40.29  [37.83,  42.75] 

55.86  [53.84,  57.88] 

56.43  [54.03,  58.83] 

RT  bias  (ms) 

7  [-11,  26] 

-58  [-79,  -37] 

-1  [-24,  22] 

21  [-4,  36] 

Generalization  blocks 

Anger  Responses  (%) 

55.38  [53.68,  57.08] 

45.95  [43.64,  48.26] 

55.61  [54.08,57.14] 

57.33  [55.18,  59.48] 

RT  bias  (ms) 

7  [-15,  29] 

-29  [-53,  -5] 

21  [-6,48] 

41  [18,  63] 

STAXI-2 

Trait  Anger  Score 

25  [24,  26] 

25  [24,  26] 

25  [24,  26] 

25  [24,  26] 

Anger  Expression  Index 

47  [44,  50] 

47  [44,  50] 

47  [45,  50] 

47  [44,  50] 

Cognitive  change  in  interpretation  bias 

Percent  of  anger  responses:  The  ANOVA  indicated  a  main  effect  of  Time,  F(l,  148) 

=  112. 87, p  <  .001,  r|2p=  .43,  and  Training  Condition,  F(l,  148)  =  35.44, p  <  .001,  r|2p  =  .19, 
which  were  subsumed  under  a  Time  x  Training  Condition  interaction,  F(l,  148)  =  129.72,  p 
<  .001,  r|2p=  .47  (Figure  1).  Participants  in  the  active  training  group  interpreted  fewer  faces  as 
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angry  post-training  relative  to  pre-training,  1(76)  =  14.57,  p  <  .001,  Cohen's  d  =  1.70;  no  such 
change  was  evident  in  the  placebo  group,  t( 78)  =  0.57,  p  >  .250  (for  means  and  CIs  see  Table 
1).  There  was  no  evidence  that  this  interaction  was  moderated  by  Task  Version  or  Site  (Time 
x  Training  Condition  x  Site,  and  Time  x  Training  Condition  x  Task  Version  interactions,  Fs 
<  1,  ps  >  .250). 


Active  Training  ---  Placebo  Training 


Figure  1 :  Mean  percent  of  anger  responses  at  pre-  and  post-training  for  the  active  and  placebo 
training  groups.  Error  bars  represent  standard  errors. 

RT  bias:  The  ANOVA  yielded  main  effects  of  Time,  FT  1 ,  148)  =  8.05,  p  =  .005,  r|2p  = 
.05  and  Training  Condition,  F(  1,  148)  =  7.44,  p  =  .007,  r|2p  =  .05,  which  again  were  subsumed 
by  a  Time  x  Training  Condition  interaction,  F(l,  148)  =  23.00,  p  <  .001,  rpp  =  .14.  The  RT 
bias  of  participants  in  the  active  training  group  decreased  from  pre-  to  post-training,  r(76)  = 
5.61,  p  <  .001,  Cohen's  d  =  .64,  but  no  such  change  occurred  in  the  placebo  training  group, 
t( 78)  =  1.34,  p  =  .186  (for  means  and  CIs  see  Table  1).  There  was  a  Time  x  Training 
Condition  x  Site  interaction  effect,  F(l,  148)  =  3.92,  p  =  .050,  rpp  =  .03),  suggesting 
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RT  Bias 


different  patterns  in  Israel  and  UK  sites.  As  can  be  seen  in  Figure  2,  both  samples  manifested 
the  training  effect  with  a  large  effect  size  in  Israel,  t( 39)  =  6.12,  p  <  .001,  Cohen's  d  =  .97  and 
a  medium  effect  size  in  UK  t{ 36)  =  2.61,  p  =  .013,  Cohen's  d  =  .43.  No  such  reduction  in  RT 
bias  scores  was  evident  in  the  placebo  training  groups  in  both  sites  (ps  >  .250).  Moreover,  in 
both  sites  there  was  evidence  that  the  two  training  conditions  (active  vs.  placebo)  differed  in 
RT  bias  scores  after  training,  r(78)  =  5.58,  p  <  .001,  Cohen's  d  =  1.25  and  f(74)  =  2.44,  p  = 
.017,  Cohen's  d  =  .56  for  the  Israel  and  UK  sites,  respectively,  but  not  before  training  (/s  < 
1.42,  ps  >  .16). 


Active  Training  ---  Placebo  Training 


Israel 


Pre-Training  Post-Training 


UK 


Pre-Training  Post-Training 


Figure  2:  Mean  RT  bias  scores  at  pre-  and  post-training  for  the  active  and  placebo  training 
groups  in  each  site.  Error  bars  represent  standard  errors. 

Generalization  of  interpretation  bias  modification 

Percent  of  anger  responses:  The  ANOVA  yielded  main  effects  of  Time,  F(l,  148)  = 
21.06,  p  <  .001,  r|2p  =.13,  and  Training  Condition  F(l,  148)  =  26.57,  p  <  .001,  r|2p  =  .15, 
qualified  by  a  significant  Time  x  Training  Condition  interaction  F(l,  148)  =  44.56,  p  <  .001, 
r]2p  =  .23  (for  means  and  CIs  see  Table  1).  There  was  also  a  Time  x  Training  Condition  x 
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Task  Version  interaction  effect,  F(l,  148)  =  3.99,  p  =  .047,  rpp  =  .03.  This  suggests  a 
somewhat  different  pattern  of  generalization  between  the  two  task  versions.  However,  as  can 
be  seen  in  Figure  3,  percent  of  anger  responses  reduced  from  pre-  to  post-training  in  the 
active  training  groups  of  both  task  versions,  t{ 38)  =  7.41,  p  <  0.001,  Cohen's  d  =  1.20  and 
t(31)  =  3.85,  p  <  .001,  Cohen's  d  =  .64  for  the  TAU  and  UoB  task  versions,  respectively.  In 
contrast,  in  the  placebo  training  groups  of  both  task  versions  percent  of  anger  responses 
increased  from  pre-  to  post-training,  but  there  was  only  weak  statistical  evidence  for  this  (ts  < 
1.75  ps  >  .088).  Moreover,  for  both  task  versions  (TAU,  UoB)  the  two  training  conditions 
(active,  placebo)  differed  in  percent  of  anger  responses  after  training,  till)  =  7.14,  p  <  .001 
and  t(75)  =  3.12,  p  =  .003  for  TAU  and  UoB  task  versions,  respectively,  but  there  was  no 
statistical  evidence  for  this  before  training  (ts  <  .66,  ps  >  .250). 
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Figure  3:  Mean  percent  of  anger  responses  in  generalization  block  at  pre-  and  post-training 
for  the  active  and  placebo  training  groups  in  each  task  version.  Error  bars  represent  standard 
errors. 
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RT  bias  scores:  The  ANOVA  yielded  a  main  effect  of  Training  Condition  F(1 ,  148)  = 
9.69,  p  =  .002,  r|2p  =  .06,  qualified  by  a  Time  x  Training  Condition  interaction  F(l,  148)  = 
6.22,  p  =  .014,  q2p  =  .04  (for  means  and  CIs  see  Table  1).  This  interaction  did  not  appear  to  be 
moderated  by  Task  Version  or  Site  (Time  x  Training  Condition  x  Site  and  Time  x  Training 
Condition  x  Task  Version  interactions,  Fs  <  1.50  ps  >  .223). 

Ultimatum  Game 

Baseline  proposal:  The  ANOVA  yielded  no  effects  of  training  condition,  task 
version,  or  site,  or  any  interactions  (Fs  <  1.46,  ps  >  .228).  Mean  baseline  proposals  in  both 
training  conditions  were  close  to  a  fair  split  of  the  sum  (M  =  49.6%,  95%  Cl  =  [46.6%, 

52.6%]  and  M  =  48.6%,  95%  Cl  =  [46.5%,  50.7%]  for  active  and  placebo  training  groups, 
respectively). 

Direct  retaliation:  There  was  no  evidence  that  rejection  rates  of  unfair  offers  (round  2 
in  the  Ultimatum  Game)  differed  between  the  active  (61%)  and  placebo  (62%)  groups,  x2  < 
.02,  p  >  .250.  The  ANOVA  on  percent  of  the  sum  offered  to  the  "unfair"  player  (round  4) 
yielded  no  evidence  of  an  effect  for  Training  Condition,  Task  Version,  or  Site,  nor  for  any 
interaction  effects  (Fs  <  1.46,  ps  >  .228).  Notably,  mean  proposals  to  the  "unfair"  player  in 
both  training  conditions  were  lower  than  half  of  the  sum  (M  =40.1%,  95%  Cl  =  [36.0%, 
44.3%]  and  M  =  37.3%,  95%  Cl  =  [34.1%,  40.6%]  for  active  and  placebo  training  groups, 
respectively),  indicating  that  despite  lack  of  group  differences  the  anger  manipulation  (i.e., 
receiving  an  unfair  offer)  resulted  in  direct  retaliatory  behavior  toward  the  "unfair"  player. 

Displaced  retaliation:  The  ANOVA  yielded  a  main  effect  of  Training  Condition,  F(l, 
148)  =  3.93,  p  =  .049,  q2p  =  .03,  indicating  that  on  average  participants  in  the  active  training 
group  tended  to  give  fairer  offers  to  the  "innocent"  player  (M  =  48.3%,  95%  Cl  =  [45.0%, 
51.6%])  relative  to  the  placebo  training  group  (M  =  43.9%,  95%  Cl  =  [40.9%,  46.9%]), 
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(Figure  4).  There  was  no  clear  evidence  for  other  main  or  interaction  effects  (Fs  <1.81,  ps  > 


.181). 
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Figure  4:  Mean  percent  of  the  sum  proposed  by  participants  in  the  active  and  placebo  training 
groups  in  each  round  of  the  Ultimatum  Game.  Error  bars  represent  standard  errors. 

Change  in  anger  mood  during  the  sessions 

Only  a  main  effect  of  Training  Condition  was  found,  F(l,  147)  =  5.61,  p  =  .019,  rpp  = 
.04,  indicating  that  participants  in  the  placebo  training  condition  tended  to  get  more  angry 
during  the  sessions  (mean  anger  change  =  1.66,  95%  Cl  =  [0.74,  2.58])  compared  to 
participants  in  the  active  training  group  (mean  anger  change  =  0.09,  95%  Cl  =  [-0.85,  1.02]). 

Self-reported  trait  anger  scores 

No  effect  of  Time,  Training  Condition  or  their  interaction  on  trait  anger  scores  or 
anger  expression  index  were  found,  Fs  <  1.08,  ps  >  .250  (for  means  and  CIs  see  Table  1).  A 
main  effect  of  Site  was  found  for  Trait  Anger,  F(l,  148)  =  143.96,  p  <  .001,  r|2p  =  .49,  and  for 
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the  Anger  Expression  Index,  F(l,  148)  =  66.09,  p  <  .001,  rpp  =  .31,  which  was  expected  due 
to  the  different  cut  off  scores  used  for  screening  in  the  two  samples,  resulting  in  higher  mean 
trait  anger  and  anger  expression  scores  in  the  UK  sample  (M  =  28.75,  Cl  =  [27.86,  29.64]  and 
M  =  54.40,  Cl  =  [51.93,  56.87],  respectively)  compared  to  the  Israel  sample  (M  =  21.23,  95% 
Cl  =  [20.36,  22.09]  and  M  =  40.23,  95%  Cl  =  [37.83,  42.63],  respectively). 

Discussion 

We  explored  the  effect  of  two  versions  of  cognitive  training  on  interpretation  of 
ambiguous  faces,  retaliatory  behavior,  and  self-reported  anger  in  two  samples  of 
undergraduate  students  with  high  levels  of  trait  anger.  Three  main  findings  emerged.  First, 
training  modified  interpretations  of  ambiguous  faces;  specifically,  relative  to  placebo  training 
active  training  reduced  perception  of  anger  and  speeded  perceptions  of  happiness. 
Importantly,  these  effects  generalized  to  novel  ambiguous  faces,  not  used  during  training 
(Dalili  et  al.,  2016;  Griffiths  et  al.,  2015).  Second,  training  changed  patterns  of  retaliatory 
behavior  on  the  Ultimatum  Game;  specifically,  subjects  who  received  active  training  were 
less  likely  than  those  who  received  placebo  training  to  engage  in  displaced  retaliatory 
behavior.  Finally,  training  did  not  change  rated  levels  of  trait  anger,  but  mitigated  elevations 
in  state  anger  during  the  experimental  sessions. 

We  expected  training  to  reduce  both  direct  and  displaced  retaliation  in  the  Ultimatum 
Game.  As  expected,  active  compared  to  placebo  training  reduced  displaced  retaliation,  as 
reflected  in  more  fair  offers  to  the  "innocent"  player.  However,  unexpectedly,  groups  did  not 
differ  in  rates  of  direct  retaliation,  as  reflected  by  offers  to  the  "unfair"  player.  This  could 
reflect  more  intense  negative  feelings  toward  "unfair"  relative  to  "innocent"  players, 
generating  affect-driven  behaviors  that  are  less  malleable  through  the  current  training 
protocols.  Future  studies  could  examine  whether  more  training  sessions  or  more  trials  per 
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session  could  prove  more  efficient  in  modifying  direct  retaliation.  Another  possibility  is  that 
anger  toward  the  "unfair"  player  was  more  conscious  and  explicit  relative  to  the  displaced 
anger  situation  and  thus  involved  more  elaborate  cognitive  top-down  processes  relative  to  the 
displaced  anger  condition.  For  example,  since  participants  in  the  current  study  did  not  know 
how  many  rounds  they  would  play  with  each  of  the  players,  their  retaliation  may  not  have 
been  solely  emotional,  but  rather  a  strategy  designed  to  "educate"  the  selfish  player  for 
potential  future  rounds  of  the  game.  In  contrast,  displacement  of  anger  toward  the  "innocent" 
player  may  have  been  less  conscious,  and  less  controlled  by  explicit  strategy,  and  therefore 
more  readily  amenable  to  implicit  modification.  Prior  research  suggests  that  emotion 
regulation  via  cognitive  reappraisal  reduces  the  impact  of  anger  on  decision  making  during 
the  Ultimatum  Game  (Fabiansson  and  Denson,  2012).  This  previous  finding  corresponds  with 
the  current  findings  given  that  cognitive  reappraisal,  like  the  current  computerized  training,  is 
based  on  promoting  more  positive  interpretations.  However,  while  the  cognitive  training  used 
here  reduced  only  displaced  retaliation,  cognitive  reappraisal  lead  to  more  fair  offers  in 
general  (both  to  the  provoking  counterpart  and  to  non-provoking  counterparts).  This 
difference  may  be  related  to  the  fact  that  cognitive  reappraisal  is  based  on  elaborative  top- 
down  thinking  processes  and  may  therefore  have  more  impact  on  conscious  direct  anger 
toward  the  provocateur. 

In  the  current  study  cognitive  training  did  not  affect  self-reported  trait  anger.  This 
may  be  related  to  the  fact  that  pre-  and  post-training  trait  anger  were  measured  only  one  week 
apart.  The  trait  anger  questionnaire  is  based  on  ratings  regarding  “usual  behavior”.  Thus,  it 
may  not  be  sufficiently  sensitive  to  measure  short-term  changes  such  as  the  ones  we 
attempted  to  detect  in  the  current  study.  Future  research  may  try  to  measure  changes  in  trait 
anger  following  training  over  longer  time  periods,  or  alternatively  be  more  specific  when 
evaluating  change  in  anger  levels  (e.g.,  ask  specifically  about  the  previous  week).  Future 
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studies  could  also  consider  use  of  other  measures,  such  as  partner  reports  regarding  change  in 
anger  levels,  rather  than  relying  solely  on  self-reports. 

Our  study  has  the  advantage  of  basing  its  findings  on  a  large  sample  collected  across 
two  different  sites.  Yet,  the  current  findings  should  also  be  considered  in  light  of  several 
limitations.  First,  the  anger-provoking  manipulation  used  in  the  current  study  was  receiving 
an  unfair  offer  in  the  ultimatum  game.  While  it  is  well  established  that  unfair  offers  in  this 
game  evoke  anger  (Pillutla  and  Murnighan,  1996),  this  may  be  considered  to  be  a  mild  and 
context- specific  provocation.  Future  studies  could  use  stronger  provocations  such  as  direct 
negative  feedback  (e.g.,  Reijntjes  et  al.,  2013)  or  harassment  (e.g.,  Lobbestael  et  al.,  2008)  to 
test  the  impact  of  training.  Second,  due  to  an  error,  the  samples  were  screened  based  on 
different  cut  off  scores.  Thus,  the  samples  differed  significantly  in  trait  anger  levels  with 
above  average  trait  anger  levels  in  the  Israeli  site  and  extremely  high  trait  anger  levels  in  the 
UK  site.  However,  the  fact  that  the  training  effects  were  similar  in  both  sites  may  suggest  that 
such  training  could  effectively  impact  interpretation  patterns  and  displaced  retaliatory 
behavior  across  a  wide  range  of  trait  anger  intensity.  Third,  it  is  important  to  keep  in  mind 
that  despite  their  rather  high  trait  anger  levels,  all  participants  in  the  current  study  were 
undergraduate  students  who  may  reflect  a  rather  functional  and  well-behaved  population. 
More  research  is  needed  to  explore  the  behavioral  effects  of  these  training  interventions  on 
other  populations  that  show  maladaptive  functioning  due  to  anger  control  problems.  Such  an 
effect  has  been  demonstrated  by  Penton-Voak  et  al.  (2013),  who  reported  that  training 
resulted  in  fewer  instances  of  aggression  among  youth  at  risk  for  criminal  behavior. 

However,  replications  are  needed,  as  well  as  better  understanding  regarding  the  differential 
effect  of  this  training  on  direct  and  displaced  anger-related  behaviors. 

In  conclusion,  our  results  suggest  that  decisions  and  behaviors  related  to  displaced 
anger  may  be  diminished  via  modification  of  anger-related  interpretation  processes.  This 
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finding  may  have  important  implications  in  the  context  of  personal  relationships  as  well  as  in 

the  context  of  economic  trading  and  negotiations.  This  encouraging  prospect  should  be 

empirically  grounded  by  future  randomized  controlled  trials. 
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RT  Bias 


Figure  2:  Mean  RT  bias  scores  at  pre-  and  post-training  for  the  active  and  placebo 
training  groups  in  each  site.  Error  bars  represent  standard  errors. 
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Figure  3:  Mean  percent  of  anger  responses  in  generalization  block  at  pre-  and  post¬ 
training  for  the  active  and  placebo  training  groups  in  each  task  version.  Error  bars 
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Figure  4:  Mean  percent  of  the  sum  proposed  by  participants  in  the  active  and  placebo 
training  groups  in  each  round  of  the  Ultimatum  Game.  Error  bars  represent  standard 
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